(19) 



J 



(12) 



Europalsches.Paterrtarrrt 
European Patent Office 
Office europeen des brevets (11) E P 0 952 489 A1 

EUROPEAN PATEhfT APPLICATION 



(43) Date of publication: 

27.10.1999 Bulletin 1999/43 

(21) Application number: 99107339.6 

(22) Date of filing: 21.04.1999 



(51) inta 6 :G03F 7/004, Q 03 F 7/039 



(84) Designated Contracting States: 


(72) Inventors: 


ATBECHCYDE DKESHFRGBGR IEITULU 


• Kawabe, Yasumasa 


MCNLPTSE 


Yoshlda-cho, Halbara-gun, Shlzuoka (JP) 


Designated Extension States: 


• Sato, Kenichiro 


ALLTLVMKROSI 


Yoshlda-cho, Halbara-gun, Shlzuoka (JP) 




• Aoal, Tosliiaki 


(30) Priority: 22.04.1998 JP 11221998 


Yoshlda-cho, Halbara-gun, Shlzuoka (JP) 


14.08.1998 JP 22979298 




14.08.1998 JP 22979398 


(74) Representative: HOFFMANN - EITLE 


03.09.1998 JP 25005098 


Patent- und Rechtsanwdrte 




Arabellastrasse 4 


(71) Appl icant 


81925 MOnchen(DE) 


FUJI PHOTO FILM CO., LTD. 




Kanagawa 250-01 (JP) 





(54) Positive photosensitive resin composition 

(57) Provided is a positive photosensitive resin 
composition comprising (A) a polymer which has aJicy- 
die hydrocarbon skeletons and decomposes under the 
action of an acid to be rendered soluble in alkali, (B) a 
compound which generates an acid upon irradiation 
with actinic rays. (C) a nitrogen-containing basic com- 
pound, (D) at least one of a fluorine-containing sur- 
factant and a silicon-containing surfactant and (E) a 
solvent The composition can exhibit better characteris- 
tics when the solvent (E) is a combination of specified 
solvents. 
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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to a positive photosensitive resin composition used in a production process of 
senriccfiductor devices, such as IC, production of circuit substrates for liquid crystal, thermal head and the like, and 
other photo-fabrication processes. To mention in detail, the invention is concerned with a positive photosensitive resin 
composition used appropriately for producing semiconductor elements by means of micro-lithography utilizing energy 
beams of short wavelengths, such as far ultraviolet rays. X-rays and electron beams. In particular, the invention relates 

10 to a positive photosensitive resin composition used advantageously for producing semiconductor elements by means 
of nrocro-nthography utilizing ArF excimer laser. 

BACKGROUND OF THE INVENTION 

is [0002] In recent years the research and development for raising the integration degree of semiconductor integrated 
circuits has made rapid progress and, with the practical use of LSI and VLSI, the minimum pattern width of integrated 
circuits has reached the level of a sub-half micron. Further, the patterns are being fined. 

[0003] Under these drcurnstances, requirements tor photo-lithographic technology applied to fine pattern formation 
have become severer and severer. As one of means to aim at fining patterns, it is known to select light of shorter wave- 

20 lengths as the exposure light for forming resist patterns. 

[0004] For instance, in the production of DRAM having an integration degree up to 64 Mega-bit, i-ray (365 nm) of a 
high-pressure mercury lamp has so far been used as light source. In the mass production of 256 Mega-bit DRAM, KrF 
excimer laser (248 nm) has been put to practical use as a light source instead of i-ray. Further, light sources of shorter 
wavelengths have been investigated for the purpose of producing DRAM with an integration degree of 1 Giga-brt or 

26 above, and thereby the utilization of ArF excimer laser (1 93 nm). F 2 excimer laser (1 57 nm). X-rays and electron beams 
has been considered effective (Takumi Ueno et al., Short-wavelenoth Photores ist Materials - Micro-lithooraDhv for 
ULSI. Bunshin Shuppan (1988)). 

[0005] In particular, ArF excimer laser is evaluated as the light source for exposure arts in the next generation, and 
so it is desired to develop resist materials which are suitable tor exposure to ArF excimer laser and can ensure high sen- 

30 sitrvity, high resolution and excellent dry etching resistance. 

[0006] As conventional resist materials tor exposure to i-ray and KrF excimer laser, the resist materials containing aro- 
matic polymers have widely been used with the intention of ensuring high dry etching resistance. For instance, there 
are known novdak resin resist and chemically amplified resist of polyvinylphenol type. However, the aromatic rings 
introduced for the purpose of conferring dry etching resistance on resist hardly transmit light in the wavelength region 

35 of ArF excimer laser, so that it is difficult for the light to arrive at the bottom of resist film. Therefore, the conventional 
resist materials cannot form patterns having satisfactory profile. 

[0007] As a solution to a problem concerning the transparency of resist, the use of aromatic ring-free aliphatic poly- 
mers, such as polymethyl rnethacrytate. is known to be acceptable (J. Vac. Soi. Techno!.. B9, 3357 (1991)). However, 
such polymers are not practicable because sufficient dry etching resistance can hardly be expected therefrom. The 
40 greatest problem which confronts the envelopment of resist materials for exposure to ArF excimer laser is to ensure 
both improved transparency and high dry etching resistance in the resist film. 

[0008] So it was reported in Proc. SPIE. 1672. 66 (1992) that the resist materials containing aOcyclic hydrocarbon 
groups instead of aromatic groups showed dry etching resistance similar to those containing aromatic groups and had 
weak absorption at 193 nm. Asa result, the utilization of such polymers has energetically been studied in recent years. 
45 [0009] Originally, the application of polymers containing alicycfjc hydrocarbon groups to resist materials has been 
attempted from of ok). For instance, the norbornene polymers are disclosed in JP-A-60- 195542, JP-A-1 -217453 and 
JP-A-2-59751 (the term "JP-A" as used herein means an "unexamined published Japanese patent application"), and 
various alkali-soluble resins having cyclic aliphatic hydrocarbon skeletones and maleic anhydride units are disclosed in 
JP-A-2-1 46045. 

so [001 0] Further, the copolymers of norbornene and acryiates protected by acid Decomposable groups are disclosed 
in JP-A-5-80515. the copolymers having adamantane skeletons in side chains are disclosed in JP-A-4-39665. JP-A-5- 
265212, JP-A-5-80515 and JP-A-7-234511, the polymers having side chains to which are attached C7-C12 aliphatic 
cyclic hydrocarbon groups containing bridged cyclic hydrocarbon groups, such as tricyclc{5,2.1 ,02,6)decanedimethyl- 
ene group, tricyctoT5^.1 ,02.6]decanediyl group, norbornanediyt group, rxxbornanedimethyl group and adamarrtanediyl 

55 group, are cfisclosed in JP-A-7-252324 and JP-A-9-221526, and the polymers having side chains to which are attached 
tricydodecanyl groups, dicytopentenyl groups, o^clopentenyloxyethyl groups, norbornyl groups or cyclohexyl groups 
are disclosed in JP-A-7-1 99467. 

[001 1 ] Furthermore, the polymers having cyclohexane and isobornyl skeletons in their main chains are cfisclosed in 
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JP-A-9-325498, the polymers having main chains wherein are introduced various cyclic olefins, e.g., cficyctoolefin, are 
disclosed in JP-A-9-230595, JP-A-9-244247, JP-A-1 0-1 0739. WO 97-33198. and European Patents 794.458 and 
789.278. In addition, JP-A-8-82925 and JP-A-9-230597 disclose mat the compounds having menthyl or menthyl deriv- 
ative groups are preferable to the compounds having other terpenoid skeletons. 
5 [001 2] Separately from the aforementioned problem concerning resist properties, the generation of defects (voids) 
attributable to lithographic processes constitutes a major factor in lowering a yield, which has been a recent big problem 
to be tackled. 

[0013] The development defects, for instance; are said to be attributable to air bubbles generated at the time of serv- 
ing a developer and micro bubbles due to the gas dissolved in a developer (Hirano et al.. The 42th Applied Physical 

10 Society Symposium 27p-ZW-9 (1 996)). With the increase in diameter of wafers and amount of a developer jetted out, 
the air bubble-control measure becomes a matter of greater importance. As measures to prevent air bubbles, it has 
been attempted to improve an apparatus so as to softly jet out a developer (See a book, entitled "Contamination Control 
Techniques for ULSI Production", p. 41 , published by Science Forum Co. (1992)) and to reduce air bubbles by addition 
of a degassing mechanism for dissolved gas. However, these measures are not successful in reducing the defects to a 

is satisfactory level. 

[0014] As other measures to reduce devetoprnent defects, the addition of a nonionic surfactant to a developer has 
been devised for improving the wettability of a developer to promote the release of air bubbles, and the affinity improve- 
ment has been attempted by finding out the most appropriate species and addition amount for the surfactant used in 
novotek resist (Hakushima et al., The 42th Applied Physical Society Symposium 27p-ZW*7 (1996)). 

20 [001 5] However, these measures are insufficient for the reduction of development defects in nonaromatic polymer- 
utilized ArF laser resist of chemical amplification type; on the contrary, they sometimes have adverse effect thereon. 
Therefore, no guidelines on what measure to take for reduction of development defects have been drawn up yet In 
addition, raising the affinity of resist with the intention of reducing development defects tends to cause deterioration in 
residual film rate and profile, so that it is very difficult to ensure both reduced development defects and high quality of 

26 resist patterns. 

[0016] Further, as reported by, e.g.. Proc. SPIE. 1672. 46 (1992). Proc SPIE. 2438. 551 (1995). Proa gPIE, 2438, 
563 (1995), Proc. SPIE. 1925, 14 (1993). J. Photopotvrn. Sri. Tech .. vol. 8. No. 4, 535 (1995), J. Photooofvrn. Sci. Tech.. 
vol. 5, No. 1.207 (1992), J. Photooolvm. Sci. Tech.. vol. 8. No. 4, 561 (1995). and Jpn. J. Apol. Phvs.. 33, 7023 (1994). 
conventional aromatic polymer-utilized KrF laser positive resist materials of tfTemical ampirf ication type have a problem 

30 of suffering cfiffusion of the acid produced therein and deactivation of the acid in the surface part of the resist by basic 
impurities in the atmosphere as the standing period from exposure to heat treatment (PEB) is prolonged, thereby 
changing the sensitivity and the profile and line width of the resist pattern obtained by development. 
[0017] As for the known means to solve such a problem, the arts of adcfing amines to aromatic polyrner-Lrtflized chem- 
ically amplified resist materials are disclosed in, ag., JP-A-63-149640, JP-Ah5-249662, J P-A-5- 127369, JP-A-5- 

35 289322, JP-A-5-249683, JP-A-5-289340. JP-A-5-232706, JP-A-5-257282. JP-A-6-242605, JP-A-6-242606. JP-A-6- 
266100. JP-A-6-266110, JP-A-6-3 17902, J P-A-7- 120929, J P-A-7- 146558. JP-A-7-319163, JP-A-7-508840, JP-A-7- 
333844, JP-A-7-219217. JP-A-7-92678. JP-A-7-28247, JP-A-8-22120. JP-A-8-110638, JP-A-8- 123030, JP-A-9- 
274312, JP-A-9-1 66871, JP-A-9-292708, JP-A-9-325496, JP-C-7-508840 (the term "JP-C" as used herein means a 
•PCT application published in Japanese"). U.S. Patent 5,525.453, U.S. Patent 5,629.134 and U.S. Patent 5.667,938. 

40 [0018] Although the addition of those amines to chemically amplified ArF laser resist matBrials using rKriarornatic pol- 
ymers having cyclic aliphatic hydrocarbon skeletons, in analogy with those using aromatic polymers, surely has an 
effect on the sensitivity change and the changes in the profile and line width of the resist pattern obtained by develop- 
ment, it causes a serious deterioration in development defects. Therefore, it has been desired to take some measure to 
deal with this situation. 

45 [0019] Furthermore, it has been devised to heighten resolution by the adcfition of low molecular weight dissolution 
inhibitors. 

[0020] For instance, JP-A-8-15865 discloses the t-butyl ester of androstane as a dissolution inhibitor, and JP-A-9- 
2651 77 discloses low molecular weight dissolution inhibitors wherein an acid decomposable group is attached to a nor- 
bomyl. adamantyt, decanyl or cydohexyl group. In addition, it is reported in Proc. SPIE. 3049. 84 (1997) that the use of 
so t-butyl Irthocolate oligomers as dissolution inhbrtor can improve the adhesiveness and the contrast. 

[0021] On the other hand, the coating solvents which have generally been used for conventional positive photoresist 
materials of naphthoquinonediazide/novolak resin type are glycol ethers such as 2-rrtethoxyethanol and 2-ethoxyetha- 
nol, and acetates thereof such as ethylene glycol monomethyl ether acetate and ethylene glycol rnonoethyl ether ace- 
tate. 

55 [0022] However, the fear that the solvents containing these glycol ether derivatives would have bad influence upon 
the generative function of mice was pointed out in 1979, and since then the tests on animals have been repeated mainly 
in western countries. As a result it was ascertained that those solvents had biological toxicity such as generative func- 
tional disorder, and reported that those solvents constitute a potential biological threat to safety of workers (NIOH Cur- 
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rent Intelligence Buletin, vol. 39, No. 5 (1983)). Further, the Environmental Protection Agency (EPA) of America advised 
to strengthen the regulation in 1984, and the movement to strengthen the regulation has been spread. 
[0023] Under these circumstances, most of photoresist makers wait for the development of photoresist products suit- 
able tor low-toxicity solvents tree of ethylene glycol ethers. 

5 [0024] With respect to the tow-toxicfty solvents as substitutes for ethylene glycol ethers, there are known the monoox- 
ycaroxylates such as ethyl lactate, methyl 3-memoxypropionate, methyl 3-ethoxypropionate, ethyl 3-ethcxypropionate 
(JP-B-3-22619. U.S. Patent 5,238,774, European Patent 21 1 ,667) and propylene glycol monomethyl ether acetate (JP- 
B-3-1659 and U.S. Patent 619,468). The term "JP-B" as used therein means an "examined Japanese patent publica- 
tion". Besides these solvents, it was proposed to use cydoperrtanone N-hexanol, Methylene glycol dimethyl ether 

w (SEMICONDUCTOR INTERNATIONAL Vol. 4, pp. 132-133 (1988)). 2-heptanone (NIKKEI MATERIALS & TECHNOL- 
OGY. Vol. 12. pp. 83-89 (1993)) and methyl pyruvate (JP-A-63-220139, JP-A-4-36752 and U.S. Patent 5,100.758) as 
solvents for the positive photoresist compositions of naphthoo^'norieolazidemovolak resin type. 
[0025] Similarly, the combination of the above-recited methyl 3-methoxypropionate and ethyl 3-ethoxypropionate (JP- 
A-6-1 1836) and the combination of the above-recited ethyl lactate and ethyl 3-ethoxypropionate (JP-A-6-308734) are 

is disclosed as the solvents for kay or KrF laser resist compositions and chemically amplified positive resist compositions. 
[0026] As mentioned above, many substitute solvents have been proposed, but the toxicity tests (tests of chronic tox- 
icity, generative toxicity, malformation probability, mutation probability, cancer probability and fife's fate) require a long 
time, and so not all the substitute solvents have proved to be safe. 

[0027] After all, the toxicity of ethylene glycol monoethyl ether acetate is supposed to be attributed to the toxicity (maJ- 
20 formation probability) of ethoxyacetic acid which is produced from 2-ethoxyethanol released upon the decomposition of 
the foregoing glycol ether acetate by metabolism in living things. 

[0028] The substitute solvents, eg., ethyl lactate is supposed to be safe since it is decomposed into lactic acid and 
ethanol by metabolism in living things, and permitted as a food additive. In analogy with ethyl lactate, elhyW-ethoxypro- 
ptonate is supposed to be highly safe, because it is converted successively into 3-ethoxypropionic acid, ethylrnatonic 
25 acid and matonic acid by metabolism in living things to produce no alkDxyacetic acid. Similarly, propylene glycol mono- 
methyl ether acetate is reduced to propylene glycol without producing an alkoxyacetic acid, and so the toxicity thereof 
is ascertained to be much tower than that of the corresponding ethylene glycol. 
[0029] As mentioned above, the first requirement for photoresist solvents is low toxicity. 

[0030] The second important requirement for photoresist solvents is to ensure satisfactory coating characteristics in 
so the resist compositions. 

[0031] With the recent elevation of integration degree in LSI, the diameter of wafers has gotten greater. The greater 
the wafer diameter, the harder it becomes to ensure spin coating uniformity all over the wafer and avoid leaving 
uncoated part on the wafer to result in a decrease of industrial value. 

[0032] For the purpose of improving the coating characteristics of positive photoresist compositions of naphthoqui- 
3$ nonedazide/novolak resin type, the addition of fluorine-containing surfactants to known solvents for resist composi- 
tions, such as ethylene glycol monoethyl ether, ethylene glycol monoethyl ether acetate, ethylene glycol monomethyl 
ether, ethylene glycol monomethyl ether acetate, N.N-diniethytformamide, dfoxane, cyctohexanone. cyclopentanone, r 
butyrcJactone, ethyl lactate and methyl lactate, is disclosed in JP-A-58-105143, JP-A^58-203434 and JP-A-62-36657, 
and the combinations of cyctopentanone and cyclohexane with C5 to C 12 aliphatic alcohols are disclosed in U.S. Patent 
40 4,526.856 and JP-A-59-231534. 

[0033] Further, JP-A-60-24545 cEsdoses that the striation (coating marks made when the resist composition is coated 
on a substrate) is improved by the combined use of a solvent having a boiling point of 60-170°Cand a solvent having a 
boiling point of 180-350°C. The generation of striation is attributable to natural convection caused in a liquid fflm by a 
temperature difference arising between the surface and the inner part of the liquid film upon rapid vaporization of the 
45 solvent The art of preventing the striation by the addition of surfactants or the use of mixed solvents as mentioned 
above is being established. 

[0034] Even if the striation can be prevented by the foregoing arts, it frequently happens that the uniformity of the coat- 
ing in the diameter direction of a substrate (unevenness of film thickness) develops problems. For instance, it was 
pointed out that, when the resist composition using ethyl lactate as a solvent is coated, the resist film thickness varies 
50 widely, compared with the case of using ethylene glycol monoethyl ether acetate as the resist solvent (NIKKEI MATE- 
RIAL & TECHNO L OG Y, Vol. 12, p. 87 (1993)). 

[0035] It was reported (in Monthly Semiconductor World. Vol. 1 , pp. 1 25-128 (1 991)) that the aforementioned coaling 
characteristics of resist compositions suitable for exposure to i-ray or KrF laser had correlations with physical properties 
of the solvent used therein, including the evaporation speed, the latent heat upon evaporation and the viscosity. For the 
55 purpose of solving this problem, many ideas have been come up with. For instance, ethyl lactate is mixed with ethyl 3- 
ethoxypropionate (JP-A-3-504422. U.S. Patent 5,063.138, European Patent 442,952 and WO 90/05325), it is mixed 
with isoamyl acetate or n-amyl acetate (US. Patent 5,336.583. European Patent 510,670 and JP-A-5-34918). or it is 
mixed with anisoJe and amy! acetate (US. Patent 5,128,230). 
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[0036] The overall uniformity requirement for a chemically amplified positive resist composition coated on a wafer is 
as severe as or severer than that for the aforementioned naphthoquirwnediazjde/novolak resin type of positive resist 
composition coated on a wafer. This is because the chemically amplified positive resist compositions coated on wafers 
having great diameters (at least 6 inches) are used tor the serniconductor production in most cases. 
s [0037] These coating characteristics can be improved to a certain extent by improvement of the coating apparatus, 
more specifically by optimizing the atmosphere temperature upon coating, the substrate temperature, the temperature 
of resist to be coated, the ventilating condition and so on. However, it is most desirable to ensure uniformity for the resist 
coating, irrespective of those conditions of the apparatus. 

[0038] Separately from the foregoing problem, another problem develops in some cases. For instance, certain chem- 
io ically amplified positive resist compositions separate out fine particles, which cannot be perceived by visual observa- 
tion, on starring after filtration with a micn>firter, and further come to liberate precipitates when they are stored for a 
longtime. 

[0039] In the formation of a resist pattern on a wafer by the use of the resist composition containing such f ine partide^^ 
it occurs that the fine particles are left on the areas to remove the resist by development resulting in the lowering of 
15 resolution. 

[0040] These fine particles in a chemically amplified positive resist composition arise mainly from a photo-acid gen- 
erator, an acid-decomposable dissolution inhibitor or/and an alkali-soluble resin containing acid-decomposable groups. 
[0041] The mixing with a high boiling point solvent, such as NI-metfiyl-2-pyrrolidone. dimethyl sulfoxide or dimethyt- 
formamide, with the intention of improving the storage stability is certainly instrumental in effecting such irnprovement, 

20 but causes deterioration in resist characteristics, including resolution, adhesiveness and heat resistance. 

[0042] Therefore, the third requirement for positive photoresist solvents is to ensure satisfactory storage stability in 
the resist compositions, thereby avoiding precipitation of constituents of the photoresist upon storaga 
[0043] Further, the decomposition of a photo-acid generator and an aackJecanposable dissolution inhibitor during 
storage causes a change in the photoresist sensitivity, and brings a danger of breaking a container of the photoresist 

25 (a glass vial) due to the inner pressure. Therefore, suitable photoresist solvents are solvents incapable of inducing the 
decomposition of photo-acid generators and aoo^ecornposable dissolution inhibitors. 

[0044] The other requirements for photoresist solvents are low hygroscipicity and, as mentioned in Monthly Semicon- 
ductor World, vol. 1, pp. 135-128 (1991), no deteriorative action on resist characteristics (e.g., sensitivity, resolution, 
profile, scum, adhesiveness, heat resistance). For example, as described in JP-A-5-1 73329, ethyl lactate tends to 
so absorb moisture during the preparation and the coating of a photoresist composition. The photoresist which has 
absorbed moisture suffers deterioration in various resist characteristics. 

[0045] In addition, it is known that, when a lot of resist solvent remains after baking, the resist pattern tends to undergo 

thermal deformation (namely, the photoresist tends to suffer deterioration in heat resistance). 

[0046] Further, it is known that, when novolak resin is used as a binder, the absorption in the deep UV region (around 

as 248 nm) depends greatly on the species of a resist solvent used (S.P.I.E.. vol. 1262, pp. 180-187 (1990)). Therefore, the 
desirable resist solvents are solvents having slight absorption in the deep UV region. In the chemically amplified posi- 
tive resist compositions, on the other hand, it is known that the solvent remaining in the resist film produces a great 
effect upon the diffusion of acids (as described, e.g., in J. Vac. Sci. Techno! . B. Vol. 9, No. 2, pp. 278-289 (1991))- The 
acid diffusion causes deterioration in the resolution, the effect of a delay in the post exposure bake (PEB) (the undesir- 

40 abe phenomenon induced in resist pattern shape and line width by the extension of standing period from the exposure 
to the PEB) and so on. Although its only natural that the diffusiveness of acids depends on the species of compounds 
as constituents of the photoresist, such as a rjhoto-acid generator and an acid-decornposable dissolution inhibitor, the 
acid diffusion depends greatly on the species of a resist solvent used: Accordingly, properly selecting a resist solvent is 
especially important for chemically amplified resist compositions. 

46 [0047] The chemically amplified resist using a poiymer having alicyclic hydrocarbon skeletons is exceedingly subject 
to the aforementioned development defects, compared with the conventional aromatic rings-containing novolak resin 
resist and polyhydroxystyrene resist As conceivable reasons therefor, the hydrophobic property of the polymer used 
and the uneven permeation of a developer into the resist film are adduced. Therefore, it is also important to properly 
select a resist solvent capable of avoiding the development defects. However, no reports setting forth guidelines for 

so making a proper selection of resist solvents have been presented so far. 

SUMMARY OF THE INVENTION 

[0048] One object of the present invention is to provid e a posffiv e^boto^ ensitiye resin composition wh ich can have a 
ss high residual film rate, provide excellent resist profile arxi^rnx^rtmeprjjen^ development defects wh en the expo- 
sure light source used is deep ultraviolet rays, parti cularlyArf 7 excimef laser beams. 

[0049] Another object of the present invention is to provide a positive photosensitive resin composition which can 
exhftxt excellent image formation characteristics, including a high residual film rate, satisfactory resist profile, high res- 
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olution, high sensitivity and high devetopability, and does not cause the problem of development defects when deep 
ultraviolet rays, particularly ArF excimer laser beams, are used as exposure light source. 

[0050] Further object of the present invention is provide a chemically amplified resist composition comprising a poly- 
mer having alicyclic hydrocarbon skeletons, which is useful for the lithography utilizing deep ultraviolet rays, particularly 
5 ArF excimer laser beams, and can function as a positive photosensitive resin composition having excellent resist char- 
acteristics, satisfactory coaling properties, high storage stability in a dissolved corxftion. high safety and no problem 
with development defects. 

[0051 ] As a result of our intensive studies of ingredients to constitute a chemically amplified positive resist composi- 
tion, it has been found that the aforementioned objects can be attained by combining a polymer containing alicyclic 
io hydrocarbon skeletons in its constitutional repeating units, a photo-acid generator, a nrtrog en-containing basic com- 
pound, and at least one of a fluorine-containing surfactant and a silicon-containing surfactant, thereby achieving the first 
composition according to the present invention. 

[0052] More specifically, the following (1) to (8) are embodiments of the present first composition, and thereby the 
aforementioned objects are attained. 

15 

(1) A positive photosensitive resin composition comprising: 

(A) a polymer which has alicyclic hydrocarbon skeletons and decomposes under the action of an acid to be 
rendered soluble in alkali, 
20 (B) a compound which generates an acid upon irradiation with actinic rays, 

(C) a nitrogen-containing basic compound, and 

(D) at least one of a f borine-containing surfactant and a silicon-containing surfactant. 

(2) ~A^ciitive^rwtose7Kh1ve resin composition comprising: 

25 t_ ...... . 

(A) a polymer which has bridged alicyclic hydrocarbon skeletons and decomposes under the action of an acid 
to be rendered soluble in alkali, 

(B) a compound which generates an acid upon irradiation with actinic rays, 

(C) a nitrogen-containing basic cxxnpound, 

30 (D) at least one of a fluorine-containing surfactant and a silicon-containing surfactant, and 

(E) a solvent; 

wherein the ratio of (B) to (C) by weight is from 5 to 300 and the ratio of (A) to (D) by weight is from 500 to 20,000. 

(3) A positive photosensitive resin composition according to the foregoing embodiment (1) or (2); further cornprising 
35 a low molecular ackWecornposable compound which has a molecular weight of 2.000 or below and a group capa- 
ble of decomposing under the action of an acid to increase its solubility in alkali. 

(4) A positive photosensitive resin composition according to the foregoing embodiment (3), wherein the content of 
the tow molecular add<Jecomposable compound is from 0.5 to 20.0 parts by weight per 100 parts by weight of the 
total sofids of the composition. 

40 (5) A positive photosensitive resin cornrjosition according to any of the foregoing embodiments (1 ) to (4), wherein 
the compound as Component (B) is an onium salt 

(6) A positive photosensitive resin composition according to any of the foregoing embodiments (1) to (5), wherein 
the nitrogen-containing basic compound as Component (C) is an organic amine. 

(7) A positive photosensitive resin composition according to the foregoing embodiment (2), wherein the solvent as J 
45 Component (E) comprises at least one sofvent selected from the group consisting of ethyl lactate, propylene glycol 

monomethyt ether acetate, propylene glycol monomethyl ether, propylene glycol monomethyl ether propionate, 
methyl 3-methoxypropionate. ethyl 3-ethoxypripionate and 2-heptanone in an amount of at least 70% by weight 
based on the total solvent 

(8) A positive photosensitive resin imposition according to any of the foregoing embodiments (1) to (7), wherein 
so the actinic rays are deep ultraviolet rays having wavelengths of 220 nm or shorter. 

Further, by our close investigations of ing-ecfierrts to constitute a chemically amplified positive resist composi- 
tion, it has been found that the aforementioned objects can be attained by combining a polymer containing alicycfic 
hydrocarbon skeletons in its constitutional repeating units, a photo-acid generator, a rotrcxjen-containing basic 
compound, a fluorine and/or silicon-containing surfactant and particular solvents, thereby achieving the second 
55 composition according to the present invention. 

More specifically, me following (9) to (15) are embodiments of the present second composition, and thereby 
the aforementioned objects are attained. 

(9) A positive photosensitive resin composition comprising: 
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(A) a polymer which has alicydic hydrocarbon skeletons and decomposes under the action of an acid to be 
rendered soluble in alkali. 

(B) a compound which generates an acid upon irradiation with actinic rays, 

(C) a nrtrogen-containing basic compound, 

5 (D) a fluorine and/or silicon-containing surfactant and 

(E) a solvent comprising as a first solvent at least one solvent selected from the following group (a) in an 
amount of 60 to 90 % by weight based on the total solvent and as a second solvent a solvent selected from the 
following group (b) in an amount of 10 to 40 % by weight based on the total solvent; the group (a) consisting of 
ethyl lactate, propylene glycol monomethyl ether acetate, propylene glycol monomethyl ether propionate, 

10 methyl 3-methoxypropionate and ethyl 3-ethoxypropionate, and the group (b) consisting of solvents having a 

viscosity of not higher than 1 centipotse at 20°C. 

(10) A positive photosensitive resin composition according to the foregoing embodiment (9), wherein the solvent as 
Component (E) further comprises as a third solvent (c) a solvent having a boiling point of not lower than 180°C and 

15 a solubility parameter of at least 12 in an amount of 1 to 20 % by weight based on the total solvent. 

(1 1) A positive photosensitive resin composition according to the foregoing embodiment (10), wherein the third sol- 
vent (c) is at least one solvent selected from the group consisting of y -butyroiactone, ethylene carbonate and pro- 
pylene carbonate. 

(12) A positive photosensitive resin composition according to any of the foregoing embodiments (9) to (1 1 ), wherein 
20 the number of carbon atoms forming each of the alicydic hydrocarbon skeletons present in the polymer as Com- 
ponent (A) is from 5 to 25. 

(13) A positive photosensitive resin composition according to any of the foregoing embodiments (9) to (12), wherein 
the nrtrogen-corrtaining basic compound as Component (C) is at least one compound selected from the group con- 
sisting of organic amines, basic ammonium salts and basic sutfonium salts. 

ss (14) A positive photosensitive resin composition according to the foregoing embodiment (9) to (12); further com- 
prising a tow molecular acid-cfecomposable dissolution inhfcrtive compound which has a molecular weight of 2,000 
or below and a group capable of decomposing under the action of an acid to increase its solubility in alkali. 

(15) A positive photosensitive resin composition according to any of the foregoing embodiments (9) to (14), wherein 
the actinic rays are deep ultraviolet rays having wavelengths of 220 nm or shorter. 

30 Furthermore, the following (16) to (22) are embodiments of the present third composition, and thereby the 

aforementioned objects of the present invention are also attained. 

(16) A positive photosensitive resin composition comprising: 

(A) a polymer which has alicydic hydrocarbon skeletons and decomposes under the action of an acid to be 
35 rendered soluble in alkali, 

(B) a compound which generates an acid upon irradiation with actinic rays, 

(C) a nitrogen-containing basic compound, 

(D) a fluorine and/or silicon-containing surfactant, and 

(E) a solvent comprising (a) ethyl lactate in an amount of 60 to 90 % by weight based on the total solvent and 
40 (b) ethyl 3-ethoxypropionate in an amount of 10 to 40% by weight based on the total solvent 

(17) A positive photosensitive resin composition according to the foregoing embodiment (16), wherein the solvent 
as Component (E) further comprises a solvent (c) having a boiling point of not lower than 180°C and a solubility 
parameter of at least 12 in an amount of 1 to 20 % by weight based on the total solvent 

45 (18) A positive photosensitive resin composition according to the foregoing embodiment (1 7), wherein the solvent 
(c) is at least one solvent selected from the group consisting of y -butyroiactone, ethylene carbonate and propylene 
carbonate. 

(19) A positive photosensitive resin composition according to any of the foregoing embodiments (16) to (18), 
wherein the number of carbon atoms forming each of the alicydic hydrocarbon skeletons present in the polymer as 

so Component (A) is from 5 to 25. 

(20) A positive ptotosensitive resin composition according to any of the foregoing embodiments (16) to (19), 
wherein the nitrogen-containing basic compound as Component (C) is at least one compound selected from the 
group consisting of organic amines, basic ammonium salts and basic sutfonium salts. 

(21) A positive photosensitive resin composition according to the foregoing embodiment (16) to (20); further com- 
55 prising a low molecular acickJecomposable dissolution inhbrtive compound which has a molecular weight of 2,000 

or below and a group capable of decomposing under the action of an acid to increase its solubi&ty in alkali. 

(22) A positive photosensitive resin composition according to any of the foregoing embodiments (16) to (21), 
wherein the actinic rays are deep ultraviolet rays having wavelengths of 220 nm or shorter. 
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DETAILED DESCRIPTION OF THE 



[0053] The compounds usable in the present invention are described below in greater detail. 
[00541 As examples of a polymer usable as the present Component (A) which has aDcydic hydrocarbon skeletons 
and can have solubility in alkali by undergoing the action of an acid, mention may be made of hitherto known polymers. 
[00551 With respect to the alicyciic part in such a polymer, the suitable number of carbon atoms forming the ring with 
a hydrocarbon skeleton is from 5 to 25, and suitable examples of such a ring structure include those illustrated below. 
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[0056] Examples of a polymer usable in the present invention include polymers comprising constitutional repeating 
units represented by the following structural formulae (a-1) to (a-15) respectively, wherein the alicyclic hydrocarbon 
skeletal units constitute the main chain of each polymer and the groups capable of decomposing under the action of an 
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acid (hereinafter referred to as acid-decomposable groups) are also present and polymers comprising constitutional 
repeating units represented by the following structural formulae (b-1) to (b-8) respectively, wherein the alfcyclic hydro- 
carbon skeletal units and the acid-decomposable groups are present in the side chains of each polymer. 
[0057] Although it is essential for the polymers relating to the present invention to contain constitutional repeating 
5 units having al'rcydic hydrocarbon skeletal structures, such as those represented by the following structural formulae (a- 
1) to (a-1 5) and (b-1) to (b-8), the polymers may further contain as copolymerizing component the constitutional repeat- 
ing units represented by the following structural formulae (c-1) to (c-4). 
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[0058] In each of the foregoing structural units (a-1) to (a-1 5) and (b-1) to (b-8). A and B each independently repre- 
sents a hydrogen atom, a hydroxy! group, a carboxyl group, an atkoxyc arbonyl group, or a substituted or unsubstituted 
alkyj^aJtoxy or alkenyl group containing 1 to 10 carbon atoms, or they may co mbine with each oth er to form a ring. X 
and Y eachlho^penderitfyTeptfese^ the action of an acff ? 

r0059]~~in each of the foregoing structural units (b-1) to (b-8) and (c-1) to (c-4), R represents a hydrogen atom or an 
alkyl group having 1 to 3 carbon atoms, such as a methyl group. Z in the foregoing structural units (c-1), (c-3) and (c-4) 
each represents a hydrogen atom, a substituted or unsubstituted alkyl group containing 1 to 1 0 carbon atoms, an alkox- 
ycarbonyl group or a group capable of decomposing under the action of an acid. 

[0060] Suitable examples of an alkoxycarbonyl group as mentioned above include methoxycarbonyl, ethoxycarbonyl 
and butoxycarbonyl groups. 

[0061] The aforementioned alkyl group containing 1 to 10 carbon atoms includes unsubstituted or substituted straight- 
chain, branched and cyclic alkyl groups. More specifically, methyl, ethyl, propyl, isopropyl. n-butyl, t-butyl, cydoperrtyl, 
cydohexyl, hydroxyrnethyl and hydroxyethyJ groups are included therein. 

[0062] Examples of an alkoxy group containing 1 to 10 carbon atoms include methaxy, ethoxy, n-butoxy. t-butoxy, pro- 
poxy and tsopropoxy groups. 

[0063] Examples of an alkenyl group containing 2 to 10 carbon atoms include allyl, vinyl and 2-propenyi groups. 
[0064] In the case of forming a ring by combining A and B. the moiety formed by combining A and B is, e.g., -C(=0)- 
0-C(=0)-. -C(=0)-NH-C(=0)- or -CH 2 -C(=0)-O-C(=0)-. 

[0065] The group capable of decomposing under the action of an acid can be represented by, e.g., -(CH^n-COORa 
or KCH^n-OCORb. Herein, Ra represents a hydrocarbon group having 2 to 20 carbon atoms, with examples including 
t-butyl, norbornyl and cyctodecanyl groups. Rb represents a tetrahydrofranyl group, a tetrahydrocyranyl group, an alkox- 
yethyl group such as ethoxyethyi or isopropoxyethyl. a lactone group, or a cyck>hexyloxyethyl group, n is 0 or 1. 
[0066] Each of the groups as recited above may further have a substituent group, such as a halogen atom, a cyano 
group or a nrtro group. 

[0067] Of the alicydic hydrocarbon skeletons contained in polymers usable as the present Component (A) (which are 
referred to as Polymers (A) hereinafter), those having a bridged structure are preferred. The presence of the bridged 
structures in Polymers (A) can contribute to improvement in image characteristics (e.g., resist profle and defocus lati- 
tude). Examples of a constitutional repeating unit having such a bridged alicyclic hydrocarbon skeleton include the fore- 
going structural units (a-2) to (a-14), (b-1) to (b-3) and (b-5) to (b-8). 

[0068] The Polymers (A) comprising the constitutional repeating units represented by (a-1) to (a-6) can be prepared 
by, e.g., subjecting cyclic olefins to ring-opening polymerization in an organic solvent or a rion-orgarac solvent in the 
presence of a metathesis catalyst and subsequently hydrogenating the polymerized product. The ring-opening 
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(cojpolymerization can be carried out with ease using the synthesis methods described in, e.g., W.L Truett et al., J. Am. 
Chem Soc 82, 2337 (1960). A. Pacreau, Macromol. Chem.. 188. 2585 (1987). JP-A-51-31800. JP-A-1-197460, JP- 
A-2-42094 and European Patent 0789278. As examples of a metathesis catalyst used therein, mention may be made 
of the compounds described in. e.g.. Syntheses and Reactions of Polymers ( n. pp. 375-381 , compiled by Polymer Soci- 
ety of Japan, published by Kyoritsu Shuppan in 1992, and JP-A-49-77999, more specfficalry the catalytic system con- 
stituted of a halogen compound of transition metal, such as tungsten and/or molybdenum, and an organoaluminum 
compound, and the catalytic system constituted of those compounds and the third component 
[0069] Examples of such tungsten and molybdenum compounds include molybdenum pentachkxide, tungsten hex- 
achloride and tungsten oxytetractiloride. And examples of an organoaluminum compound include triethylalumirium. tri- 
isobutyl aluminum, trihexylaluminum, dietnylatumirtum monochloride, di-n-butylaluminum monochloride. ethylaluminum 
sesquichloride, diethyialuminum monobutoxide and triethylalurninum-water (1 fl.5 by mole). In carrying out the ring- 
opening polymerization, it is desirable that the organoaluminum compound be used in an amount of at least 0.5 mole 
to 1 mole of tungsten or molybdenum compound. 

[0070] Examples of the third component used in the foregoing catalytic system for improving the polymerizing activity 
and so on include water, hydrogen peroxide, oxygen-containing organic compounds, nitrog en-containing organic com- 
pounds, halogen-containing organic compounds, phosphorus-containing organic compounds, sulfur-containing organic 
compounds and metal-containing organic compounds. Such a compound as the third component is used in an amount 
of at most 5 moles per mole of tungsten or molybdenum compound. Such a catalytic system and monomers are used 
in an amount of generally from 0.1 :100 to 20:100 by mole, though the proportion depends on their species. 
[0071 ] The suitable temperature during the ring-opening (co)pdymerization is from -40°C to +150°C, and it is desir- 
able that the polymerization be carried out in an atmosphere of inert gas. Examples of a solvent usable therein include 
aliphatic hydrocarbons, such as pentane, hexane, heptane and octane; alicycfic hydrocarbons, such as cyclopentane 
and cydohexane; aromatic hydrocarbons, such as benzene, toluene and xylene; halogenated hydrocarbons, such as 
methylene chloride, 1.1-dichloroethane, 1 ,2-dichloroethane, 1-chloropropane, 1-chlorobutane. 1-chloropentane, chlo- 
robenzene, bromobenzene, o-dichtorobenzene and m-dichlorobenzene; and ether compounds, such as diethyl ether 
and tetrahydrofuran. 

[0072] The polymers produced by the ring-opening (co)pctymerization as mentioned above are hydrogenated to yield 
Polymers (A) usable in the present invention. The catalysts usable in the hydrogenation reaction are heterogeneous 
catalysts and homogeneous catalysts used for general hydrogenation reaction of olefinic compounds. 
[0073] For instance, each of such heterogeneous catalysts is a solid catalyst comprising a precious metal catalyst, 
such as palladium, platinum, nickel, ruthenium or rhodium, supported by a carrier such as carbon, silica, alumina ortita- 
nia. And those homogeneous catalysts include nickel naphthenate/trielhyl^LmTirttjm, nickel acetylacetonate/lriethylalu- 
minum, cobalt octenate^h-butyflithium. titanocene dchloride/diethyl-aluminum monochloride. and rhodium catalysts, 
such as rhodium acetate and chlorolris(tr^enytpliospNne)rtK^um. 

[0074] Of these catalysts, the heterogeneous catalysts are advantageous over the others, because they have high 
reactivity, can be removed with ease after reaction and leave no stain on polymers produced. 
[0075] The hydrogenation reaction can be earned out at a temperature from 0°C to 200°C, preferably from 20° C to 
180°C, in a hydrogen gas atmosphere of from ordinary pressure to 300 atmospheric pressure, preferably from 3 to 200 
atmospheric pressura The hydrogenation rate is generally at least 50 %. preferably at least 70 %. more preferably at 
least 80 %. When the hydrogenation rate is tower than 50%, the polymers produced have undesirable influence upon 
thermal stability and storage stability of the resulting resist 

[0076] The polymers comprising the cortstitutional repeating units (a-7) to (a-1 5) as illustrated above can be synthe- 
sized; eg., by radical (co)polymenzation of alicyclic hydrocarbon monomers in the presence of an effective amount of 
free radical polymerization initiator. More specifically, they can be synthesized using the methods described in, e.g., i 
Macromol. Sri Chem.. A-5(3) 491 (1971), ibjL A* (8) 1339 (1971), Pptym. Left, Vol. 2. 469 (1964). US. Patents 
3.143.533, 3.261,815. 3.510,461. 3.793,510 and 3.703.501. and JP-A-2-1 46045. 

[0077] Suitable examples of an initiator used in the radical (co)polymerization include 2.2'-azobts(2-me1hytoropanen- 
rtrile), benzoyl peroxide and dicumyt peroxida The initiator concentration is generally from 0.01 to 10 % by weight, pref- 
erably from 0. 1 to 5 % by weight based on the total weight of monomers. The polymerization terrp^ 
changed. Specifically, it is generally from room temperature to 250°C, preferably from 40 to 200°C, more preferably from 
60to160°C. 

[0078] It is desirable that the p^vnrorizatjon or copolymerization be carried out in an organic solvent The organic sol- 
vents capable of dissolving monomers at the prescribed temperature, and the polymers produced as well, are suitably 
used therein. The suitable solvents, though depend on the species of monomers to be copolymenzed, include aromatic 
riydrocarbons, such as toluene; aliphatic esters, such as ethyl acetate, and aromatic esters; and aliphatic ethers, such 
as tetrahydrofuran. 

[0079] After running the reaction for the presented time, it is desirable to carry out the distillation under reduced pres- 
sure and purification for the purpose of separating the polymer obtained from the monomers remaining unreacted, the 
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solvent used and so on. 

[0080] The polymers having the constitutional repeating units (b-1) to (b-8) or the polymers containing the copolym- 
erizing components (c-1) to (c-4) can be synthesized by radical (co)polymerization in the presence of an effective 
amount of free radical initiator. 

[0081] The suitable proportion of the constitutional units having alicycfic skeletons is at least 10 mole %. preferably at 
least 20 mole %, more preferably al least 30 mole %, to the total constitutional units in Polymer (A). 
[0082] On the other hand, the suitable proportion of the constitutional units having add-decomposable groups is from 
10 to 90 mole %, preferably from 15 to 85 mole %, more preferablyfrom20 to80mole%, tothetotal constitutional units 
in Polymer (A). 

[0083] For the polymer used in the present invention, it is desirable that the proportion of a copdymerizing component 
as represented by (c-1) to (c-4) be from 3 to 60 mole %. preferably from 5 to 55 mole%. more preferably from 10 to 50 
mole %. to the total constitutional repeating units. 

[0084] The suitable weight-average molecular weight of Polymer (A) is from 1 ,500 to 1 00.000. preferably from 2.000 
to 70.000. particularly preferably from 3.000 to 50,000. When the polymer (A) has a molecular weight lower than 1 ,500. 
the resulting composition cannot have sufficient dry etching resistance, heat resistance and adhesiveness to a sub- 
strate; while the molecular weight is higher than 100,000. the resist sensitivity is towered. The suitable molecular weight 
distribution (Mw/Mn) is from 1.0 to 6.0. preferably from 1.0 to 4.0. The smaller Mw/Mn value the polymer (A) has. the 
higher heat resistance and the better image properties (e.g., resist profile, defocus latitude) can be obtained. In addi- 
tion, the presence of unreacted monomers in the polymer product is undesirable, because it causes deterioration in dry 
etching resistance and a drop in transrnittance of the resist film. Therefore, it is desirable that the proportion of unre- 
acted monomers in the polymer product be lowered to 2 % by weight at the most preferably 1 % by weight or below. 
[0085] AdcfitionaJly, the weight-average molecular weight and molecular weight distribution (Mw/Mn) of Polymer (A) 
are determined as polystyrene equivalents by gel permeation chromatography equipped with a refractive index detec- 
tor. 

[0086] The content of Polymer (A) in the present positive photosensitive resin composition is from 50 to 99.7 % by 
weight, preferably from 70 to 99 % by weight, on a solids basis. 

[0087] The present positive photosensitive resin conposition can contain polymers other than Polymer (A), if needed. 
The suitable content of other polymers is not higher than 30 parts by weight, preferably not higher than 20 parts by 
weight more preferably not higher than 10 parts by weight, particularly preferably rKrthigrter man 5 r^rts by weight per 
100 parts by weight of Polymer (A). 

[0088] As the foregoing other polymers, any polymers may be contained in the present conposition. provided that 
they are compattote with Polymer (A) as an alicyclic polymer according to the present invention. Specifically. pory(p- 
hydroxystyrene), hydrogenated poly(p-nydroxystyrene) and novoJak resin. 

[0089] Secondly, the compounds which decompose upon irradiation with actinic rays to generate an acid are illus- 
trated below, which are usable as Component (B) of the present positive photosensitive resin composition (which are 
referred to as Ptoto-ac^iGenerator (B) hereinafter): 

[0090] Examples of Photo-acid Generator (B) used in the present invention include photo initiators of photo cationic 
polymerization, photo initiators of photo radical polymerization, photo decolorants of dyes, photo discoloration agents 
and photo-acid generators known in the field of micro photoresist to generate acids upon irradiation with ultraviolet rays, 
deep ultraviolet rays, XrF excimer laser beams, ArF excimer laser beams, electron beams, X-rays, molecular beams or 
ion beams. Two or more agents selected property from the above-recited ones may be used as a mixture, too. 
[0091] Additionally, the concept of the term "actinic rays" used in the present invention is broad, and includes the radi- 
ant rays as recited above. 

[0092] The Photo-acid Generator (B) has no particular restriction, provided that it can be dissolved in organic sol- 
vents, which are described later, used for the present positive photosensitive resin composition. However, it is desirable 
that the Photo-acid Generator (B) be a photo-acid generator capable of generating an acid upon irradiation with light of 
wavelengths of 220 nm or shorter. Such photo-acid generators may be used alone or as a mixture of two or more 
thereof, or in combination with an appropriate sensitizer. 

[0093] Examples of a photo-acid generator usable as Photo-acid Generator (B) include the triphenylsurtonium salt 
derivatives described in J. Pro. Chem.. Vol. 43, No. 15, 3055 (1978), and the other onium salts (including sulfonium 
salts, kxtonium salts, phosphonium salts, diazonium salts and ammonium salts) disclosed in Japanese Patent Applica- 
tion No. 9-279071. 

[0094] As examples of an onium salt mention may be made of diphenytiodonium trifiate, diphenyliodonium pyrenesul- 
fonate. diphenyliodonium ckxlecvibenzenesurfonate, triphenylsuttonium trifiate, triphenytsutfonium hexaftuoroanti- 
monate. dphenyfiodonium hexaflijoroamimonate, triphenyl sulfonium naphthalenesulfonate. triphenylsuttonium 
camphorsulfonate, (4-nrietlx)xYpheny0r^enylicdonium triftuorcmethanesulfonate and bts{t-butytphenyQiodonium trif- 
luoromethan esutfonate. 

[0095] Further, the diazodisuHones and diazoketosuttones disclosed in J P-A-3- 103854. J P-A-3- 103856 and JP-A-4- 
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1210960, the iminosutfonates disclosed in JP-A-64-18143 and JP-A-Z-245756 and the dfeuttones disclosed in JP-A-2- 
71270 can be used to advantage. Furthermore, the polymers having groups generating acids upon exposure to light in 
their main or side chains as disclosed in, e.g., U.S. Patent 3,849,137, JP-A-63-26653, JP-A-62-69263, JP-A-63- 
146038, JP-A-63- 163452, JP-A-62-1 53853 and JP-A-63-1 46029 can also be used. In addition, the 2-oxocydohexyl 
group-containing aliphatic alkylsuHonium salts and the N-hydrcocysucdnirnide sulfonates disclosed in JP-A-7-25846. 
JP-A-7-28237. JP-A-7-92675 and JP-A-8-27120. and the sulfonium salts described in J. Photooorvm. Sci. Tech.. Vol. 7. 
NO. 3, 423 (1994) can also be used to advantage. These photo-acid generators are used alone or as a mixture of two 
or more thereof. 

[0096] Of these photo-acid generators, the orrium salts are preferred over the others because they can ensure good 
sensitivity and resolution in the resulting resist 

[0097] With respect to the first composition, the proportion of such a compound as to generate an acid upon irradia- 
tion with actinic rays (Component (B)) is generally from 0.001 to 40 % by weight, preferably from 0.01 to 20 % by weight, 
nwe preferably from 0.1 to 15 % by weight paiticul^ 

(on a solids basis) of the present photosensitive resin composition. With respect to the second and third compositions, 
the proportion of Ckwrponerrt (B) is generally from 0.001 to 40 % by weight preferably from 0.01 to 20 % by weight, 
more preferably from 0.1 to 5 % by weight based on the total weight (on a solids basis) of the cornposition. When the 
proportion of Photo-acid Generator (B) is tower than 0.001 % by weight, the sensitivity is lowered; while, when it is 
higher than 40 % by weight the resulting resist shows too high absorption of tight, and thereby the profile is deteriorated 
and the process margin, particularly bake margin, is rendered narrow. 

[0098] Thirdly, the nitrogen-containing basic compounds contained as Component (C) in the present positive photo- 
sensitive resincoiTposition (which are referred to as Basic Compound (C) hereinafter) are illustrated below. 
[0099] / As Basic Compound (C), organic amines, basic ammonium salts and basic sulfonium salts can be employed 
in terms of obtaining high sensitivity, high resolution and excellent prof ile, so far as they cause no deterioration in sub- 
limation and resist properties. Of such basic compounds, orjjanic amines are preferred over the others because they 
can ensure excellent image quality. 

[0100] Secifically, usable basic compounds are those disclosed in, ag., JP-A-63-1 49640. JP-A-S249662. JP-A-5- 
127369, JP-A-6-289322, JP-A-5-2496832. JP-A-S-289340. JP-A-5-232706, JP-A-5-257282, JP-A-6-242605, JP-A-6- 
242606, JP-A-6-266100, JP-A-6-2661 10, JP-A-6-317902. J P-A-7- 120929. JP-A-7-146558. JP-A-7-319163. JP-A-7- 
508840, JP-A-7-333844. JP-A-7-219217, JP-A-7-92678, JP-A-7-28247, JP-A-8-22120, JP-A-8-1 10638, JP-A-8- 
123030, JP-A-9-274312, JP-A-9-1 66871, JP-A-9-292708, JP-A-9-325496. JP-C-7-508840, and US. Patents 
5.525,453. 5,629,134 and 5.667,938. 

[0101] Suitable examples of a nitrogen-containing basic compound as Component (C) include 1,5-diazabicy- 
cto[4.3.0]-5-nonene, 1.8KfiazaJbicyclo[5.4.0h7-urxJecene. 1 ,4<iiazabi(*dc^.2.2)cctane. 4-dimethylanii™x>yridine, 1- 
naphthyiarrine, piperidine, hexamethylenetetramine, imidazoles, riydroxypyridrnes, pyridines, 4,4'-diaminodiphe- 
nyl ether, pyridinium p-toJuenesuHbnate, 2,4,6-trimethylpyridirtum p-toluenesultonate, tetramethyiammonium p-totue- 
nesuHonate, tetrabutylammonium lactate, triethytarnine and trixrtylamina 

[0102] Of these ccmnpounds, organic amines such as 1 ,5-diazabicycto{4.3.0]-5-nonene. 1 ,8-diazabicycto[5.4.0}-7- 
undecene, 1,4-diazabicyclo-|2^.2]octane. 4-dimethyiaminopyridine, 1-naphttylamine, pjperidine, riexametnylenete- 
tramine, imidazoles, hydroxy-pyridines, pyridines. 4.4*-diamirKxfiphefry1ether,fce^ and tributytamine are advan- 
tageous. " 
[0103] With respect to the fret composition, the content of Basic Compound (C) is generally from 0.00,1 to 10 parts 
by weight preferably from 0.001 to 5 parts by weight more preferably from 0.001 to 0.5 parts by weight, per 100 parts 
byweiojit of the cornposition (on a solids basis). With respect to the second and third axTtpositions, the content of Basic 
Compound (C) is generally from 0.001 to 10 parts by weight preferably from 0.01 to 5 parte by weight per 100 parte 
by weight of the composition (on a solids basis). When the content is less than 0. 001 parts by weight the addition of 
Component (C) cannot produce satisfactory effect; while, when it is increased beyond 10 parts by weight the sensitivity 
and the devetopabtlity in the unexposed area show a tendency to considerably deteriorate. The compounds recited 
above as Basic Compound (C) can be used alone or as a mixture of two or more thereof. 

[01 04] The suitable ratio of the foregoing Photo-acid Generator (B) to the foregoing nitrog en-containing Basic Com- 
pound (C) ((B)/(C) ratio) in the present coniposrtjon is from 5 to 300 by weight preferably from 10 to 200 by weight. 
When the (B)/(C) ratio is controDed to the aforesaid range, the resist sensitivity and the resolution are improved and the 
dependency of the pattern line width on the post exposure drawn-out period (PED dependency) is reduced. In other 
words, the improvement in resist sensitivity and resolution and the reduction of PED dependency are compatible with 
each other when the Components (B) and (C) are mixed within the limits of the ratio mentioned above. 
[0105] Fourthly, the fluorine and/or silicoii-containing surfactants which can be contained as Component (D) in the 
present positive photosensitive resin composition are illustrated below. 

[01 06] In the present photosensitive resin composition, any or at least two of fluorine-containing surfactants, silicon- 
containing surfactants and surfactants containing both fluorine and silicon atoms can be contained. 
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[01 07] Examples of a surfactant usable as Component (D) include the surfactants disclosed in JP-A-62-36663, JP-A- 
61-226746. JP-A-61 -226745. JP-A-62-1 70950. JP-A-63-34540. JP-A-7-230165, JP-A-&62834, JP-A-9S4432 and JP- 
A-9-5988. Further, the following commercially produced surfactants can be used as they are. 
[01 08] As examples thereof, mention may be made of theifluorine.arKi/ctf^ available in 

5 the following trade names. EFtop EF301 and EF303 (produced by Shin-Akrta Kasei K.K.), Rorad FC430. 431 (produced 
by Sumitomo 3M Inc.), Megafac F172, F173, F176. F189, R08 (produced by Dainippon Ink & Chemicals, Inc.) and Sur- 
flon S-382. SC 101. 102. 103, 104. 105. 106 (produced by Asahi Glass Co.. Ltd.). In addition, the polysiloxane polymer 
KP-341 (produced by Shin-Etsu Chemical Co. , Ltd.) can also be used as sifioornxxitaining surfactant, ^ 



[01 09] With respect to the first composition, the amount of Surfactant (D) mixed is generally from^OOJto 2 parts by 
io weight preferably from 0.003 to 0.10 parts by weight per 100 parts by weight of solids in the composition. With respect 
to the second and third cxxriposrtiorts, the amount of Surfactant (D) mixed is generally from 0.01 to 2 parts by weight, 
preferably from 0.01 to 1 parts by weight per 100 parts by weight of solids in the ajnposition. 
[0110] Those surfactants can be used alone or as a mixture of two or more thereof. 

[01 1 1 ] Further, it is desirable in the present opposition that the ratio of Polymer (A) to Surfactant (D) ((A)/(D) ratio) 
is be frcHTi500to 20.000 tyjwejght preferably from 1 .000 to 1 5.000 by weight By controlling the (A)/(D) ratio to the fore- 
going raT^Tthe d evetop at^Jhe line-width reproducibility and the uniformity in coaled film thickness are improved. 
[0112] AHhougfThb dearreason why the present positive photosensitive resin composition is especiaDy effective for 
development defects can be set forth, such a special effect can be supposedto be developed by the combined use of 
Basic Compound (C) and pa rticular Surfactant (D ). This is because the image quality, such as profile, becomes unsat- 
20 isfactory when the Basic CcwTipound (C) is used in combination with a surfactant other than Surfactant (D). e.g., a non- 
ionic surfactant not containing a fluorine atom or a silicon atom. 

[01 13] The present positive photosensitive resin composition can further contain a low molecular aod-decomposable 
compound, if needed, which has a molecular weight of not higher than 2.000 and a group capable of decomposing 
under the action of an acid and can increase its solubility in alkali under the action of an acid. 

25 [0114] Examples of such a low molecular ackWecomposable compound include the aricWecomposable group-con- 
taining alicydic compounds, such as chofic acid derivative, dehydrocholic acid derivatives, deoxycnoiic acid derivatives, 
IHhocholic acxl derivative, ursocholic acid derivatives and abietic acid derivatives, and the ackMecorrposable group- 
containing aromatic compounds, such as naphthalene derivatives, as described in Prpc, SPI5. 2724, 355 (1996), JP- 
A-*-15865. U.S. Patents 5.310.619 and 5.372,912, and J. Photooolvm. Sd.Tech.. vol. 10, No. 3, 51 1 (1997). 

30 [0115] Furthermore, the tow molecular acid-decoinposable dissolution inhtwtive compounds disclosed in JP-A-6- 
51519 can be added in such an amount as not to lower the transmittance at 220 nm, and 1,2-naphthoqiiinonediazide 
compound can also be used. 

[0116] In a case where the foregoing tow molecular acid-decomposable dissolution inhibitive compound is used in the 
first composition, the content thereof is generally from 0.5 to 50 parte by weight preferably from 0.5 to 40 parts by 

35 weight more preferably from 0.5 to 30 parts by weight particularly preferably from 0.5 to 20.0 parte by weight per 100 
parte by weight of photosensitive resin composition (on a solids basis). In a case where the foregoing low molecular 
acid-decomposable dissolution inhbitjve compound is used in the second and third compositions, the content thereof 
is generally from 1 to 50 parts by weight preferably from 3 to 40 parts by weight, more preferably from 5 to 30 parts by 
weight per 100 parts by weight of photosensitive resin ccfnposition (on a solids basis). 

40 [0117] The addition of such a low molecular aricWeoomposable dissolution inhbitive compound can produce not only 
further improvement in the aforementioned development defects, but also betterment in dry etching resistance. 
[01 18] In addition, the present positive photosensitive resin composition can contain axnpounds capable of promot- 
ing the dissolution in a developer, anti-halation agents, plastjcizers, surfactants, photosensitizers, adhesion aids, cross- 
linking agents, photo-base generators and so on, if desired. 

45 [0119] As examples of a compound capable of promoting the dissolution in a developer, which can be used in the 
present invention, mention may be made of the tow molecular compounds having molecular weight of not higher than 
1 ,000 as cfisdosed in JP-A-3-206458, such as compounds containing at least two phenolic hydroxy! groups per mole- 
cule, naphthote such as 1-naphthol, compounds containing at least one carboxyl group per molecule, carboxyfic acid 
anhydrides, sulfonamide compounds and sutfonylimide compounds. 

so [0120] The proportion of such a dissolution promoting compound admixed is preferably 30 % by weight or below, more 
preferably 20 % by weight or below, based on the total weight of the composition (on a solids basis). 
[0121] Suitable anti-halation agents are compounds capable of absorbing the radiant rays irracfiated, with examples 
including substituted benzenes, such as fluorene, 9-tiuorenone and benzophenone; and porycycfc aromatic com- 
pounds, such as anthracene, anthracene-9-methanol, anthracene^-caibcoryethyl, phenanthrene, perylene and azu- 

55 lene. Of these compounds, potycyclic aromatic compounds are preferred in particular. These anti- halation agents can 
reduce the reflected light from a substrate to lessen the influence of multiple reflection inside the resist film, and thereby 
the effect of standing wave improvement is developed. 

[01 22] For the purpose of improving the coaling suitability and deveJcpability of the present photosensitive resin com- 
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position, nonionic surfactants can be used together. 

[01 23] Examples of a nonionic surfactant usable for such a purpose include polyoxyethylene lauryl ether, polyaxyeth- 
ytene stearyl ether, polyoxyethylene octyl phenyl ether, polyoxyethylene nonyl phenyl etheer, polyethylene glycol dilau- 
rate, polyethylene glycol distearate, polyoxyethylene sorbrtane monostearate and sorbrtane monolaurata 
[01 24] For the purpose of elevating the rate of acid generation by exposure, photosensitizers can be added. Suitable 
examples of such a photosenshizer include benzophenone, p.p'-tetramethyWiarrdnobenzcphenone, 2-chIorothioxan- 
thone, anthrone, 9-ethoxyanthracene, pyrene, phenothiazine, benzil, benzoflavin, acetophenone, phenanthrene, ben- 
zoquinone, anthraquinone and 1 ,2-riaphthoquinone. These photosensitizers can also be used as the anti-halation 
agents as mentioned above. 

[0125] In general, the^first photosensitive resin composition is prepared in the .farm of -a solution by dissolving the 
above-illustrated components in an appropriate solvent and then filtering through a filter having a pore size of the order 
of 0.05 to 0.2 jim. Examples of a solvent appropriately used therein include ethylene glycol rnonoethyl ether acetate, 
cyclohexanone, 2-heptanone, propylene glycol nxxiomethyl ether, propylene glycol monomethyl ether acetate, propyl- 
ene glycol monomethyl ether propionate, propylene glycol rnonoethyl ether acetate, methyl 3-methoxypropionate. ethyl 
3-ethCDcypropionate, methyl B-rnethoxyiscbutyrate, ethyl butyrate, propyl butyrate, methyl isobutyf ketone, ethyl acetate, 
isoamyl acetate, ethyl lactate, toluene, xylene, cyctohexyl acetate, diacetone alcohol. N-methytpyrroUdone, N,N-dimeth- 
ylfonrarrbde. rbutyrolactone and N.NWimethvlacetarnide. These solvents can be used alone or as a combinatjon of 
two or more thereof. From the viewpoint of ensuring satisfactory solubility, coating suitability on a substrate and storage 
stability for the photosensitive resin composition, it is desirable that at least 70% by weigW of the total solvents used be 
at least one solvent selected from the group consisting of ethyl lactate, propylene glycol rronomethyi ether acetate, pro- 
pylene glycol monomethyl ether, propylene glycol rnonomethyl ether rxopionate, methyl 3-rnetrioxy-propiortate, ethyl 3- 
etrwxypropionate and 2-heptanone. 

[01 26] In addition, it is desirable that the water content in the solvents used be as low as possible, because water has 
adverse effect on resist characteristics. 

[01 27] Further, it is desirable that the content of impurities, such as metals and chlorine ion, in the present photosen- 
sitive resin comoosition be reduced to 100 ppb or below. If the content of those irnpurrties is not tow, troubles such as 
poor workings, defects and yield drop are caused during the production of semiconductor devices. 
[0128] Next, the solvents used as Component (E) in the second corrtposition according to the present invention are 
illustrated below. 

[0129] The first solvent (a) used in the present second composition is at least one solvent selected from the group 
consisting of ethyl lactate, propylene glycol monomethyl ether acetate, propylene glycol monomethyl ether propionate, 
methyl 3-metfxwyi3ropionate and ethyl 3-ethoxyrjropionate. Of these solvents, ethyl lactate and propylene glycol mon- 
omethyl ether acetate are preferred in particular. 

[0130] The first solvent (a) is used in an amount of from 60 to 90 % by weight, preferably from 60 to 85 % by weight, 
more preferably from 65 to 80 % by weight, based on the total solvents as component (E). 

[0131] The second solvent (b) used in the present second composition is a solvent having viscosity of 1 centpoise at 
the highest, preferably 0.9 centipoiseatthe highest at20°C. Any solvents can be used as the second solvent (b) so far 
as they meet the aforesaid viscosity requirement. Examples of an organic solvent having such viscosity include methyl 
acetate, ethyl acetate, propyl acetate, isopropyl acetate, butyl acetate, isobutyl acetate, methyl ethyl ketone, methyl 
amy! ketone and methyl isobutyl ketone. Of these solvents, butyl acetate is preferred in particular. These solvents can 
be used atone, as a mixture of two or more thereof. 

[0132] The second solvent (b) is used in an amount of from 10 to 40 % by weight, preferably from 10 to 30 % by 
weight more preferably from 10 to 25% by weight based on the total solvents as component (E). 
[0133] The sum total of the f irst solvent (a) and the second solvent (b) desirably comprises at least 70 % by weight of 
the total solvents as Component (E). When the proportion is less than 70 % by weight, it sometimes occurs that the 
objects of the present invention cannot be fully achieved. 

[0134] In addition to the first solvent (a) and the second solvent (b), it is desirable to use the third solvent (c) in the 
present second composition. The third solvent (c) is a solvent having a boiling point (b.p.) of 1 80*C or above, preferably 
185°C or above, and a solubility parameter (SP value) of at least 12, preferably at least 12.4, and such a solvent is pref- 
erably used in an amount of from 1 to 20 % by weight, more preferably from 3 to 10 % by weight based on the total 
solvents as Component (E). 

[0135] The addition of the third solvent (c) can produce an appreciable improvement in ctevetopment defects. How- 
ever, the addition in an amount higher than 20 % by weight causes deterioration in adhesiveness to a substrata 
[0136] Examples of a solvent usable as the third solvent (c) include y -butyrolactone (b-p-: 190°C, SP value: 12.6). 
propylene carbonate (b.p.: 242°C. SP value: 13.3), ethylene carbonate (txp-: 239°C, SP value: 14.7). N.N^methylimi- 
dazoUnone (b.p.: 200°C. SP value: 12.4) and dimethyl sulfoxide (b p.: 189°C. SP value: 13.0). Of these solvents, yiuty- 
rolactone, propylene carbonate and ethylene carbonate are preferred in particular with respect to the achievement of 
the present effects. 
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[0137] Although it is desirable to use the solvents recited above as Component (E), other solvents may be used 
together in such an amount as not to mar the present effects, specifically not higher than 5 % by weight. 
[01 38] As the other solvents, cydohexanone. propylene glycol monornethyl ether, methyl p-methoxyisobutyrate, ethyl 
butyrate, propyl butyrate. diacetone alcohol, N-metrtytrjyrroJkione and so on are usable. 
5 [0139] Now, the solvents used as Component (E) in the third corrposition according to the p 
trateo. 

[0140] The Component (E) of the third cornposition comprises (a) ethyl lactate and (b) ethyl 3-ethoxypropionate. The 
ethyl lactate (a) as the main solvent is used in an amount of from 60 to 90 % by weight, preferably from 60 to 85 % by 
weight more preferably from 65 to 80 % by weight based on the total solvents used as Component (E). 

10 [0141] The proportion of ethyl 3-ethoxypropionate (b) used in combination with ethyl lactate (a) in the Component (E) 
is from 10 to 40% by weight preferably from 10 to 30% by weight more preferably from 10 to 25% by weight 
[0142] The sum total of ethyl lactate (a) and ethyl 3-ethoxypropionate (b) desirably comprises at least 70% by weight 
of the total solvents as Component (E). When the proportion is less than 70 % by weight it sometimes occurs that the 
objects of the present invention cannot be fully achieved. 

15 [0143] In addition to the foregoing solvents (a) and (b). it is desirable to use another solvent (c) in the present third 
composition. The solvent (c) is a solvent having a boiling point of 180°C or above, preferably 185°C or above, and a 
solubility parameter (SP value) of at least 12. preferably at least 12.4, and such a solvent is desirably used in an amount 
of from 1 to 20% by weight preferably from 3 to 15 % by weight, based on the total solvents as Component (E). 
[0144] The addition of the solvent (c) can produce an appreciable inprovement in development defects. However, the 

20 addition in an amount higher than 20 % by weight causes deterioration in adhesiveness to a substrate. 

[0145] Examples of a solvent (c) include rbutyrolactone (b.p.: 190°C, SP value: 12.6), propylene carbonate (bp.: 
242*C, SP value: 13.3), ethylene carbonate (b.p.: 239°C, SP value: 14.7), N.N^Iimethylimidazolinone (b.p.: 200°C. SP 
value: 12.4) and dimethyl sulfoxide (b.p.: 189°C. SP value: 13.0). Of these solvents. r*xjtyrolactone, propylene carbon- 
ate and ethylene carbonate are preferred in particular with respect to the achievement of the present effects. 

25 [0146] These solvents (c) can be used atone or as a mixture of two or two thereof. 

[0147] Although it is desirable to use the solvents recited above as Component (E), other solvents may be used 
together in such an amount as not to mar the present effects, specifically not higher than 5 % by weight. 
[0148] Examples of other solvents usable for Component (E) include cydohexanone, 2-heptanone, propylene glycol 
monornethyl ether, propylene glycol monornethyl ether acetate, propylene glycol rrronomethyl ether propionate, propyl- 

30 ene glycol monoethyl ether acetate, methyl 3-methoxy-propionate, methyl p-rnethoxyisobutyrate, ethyl butyrate, propyl 
butyrate, methyl isobutyl ketone, ethyl acetate, isoamyl acetate, diacetone alcohol and N-methylpyrrolidona 
[0149] Each of the photosensitive resin compositions according to the present invention is coated on a substrate by 
means of an appropriate coating apparatus, such as a spinner or a coater. subjected to pre-bake (heating prior to expo- 
sure), exposed to light of wavelengths of no longer than 220 nm via the desired mask, subjected to PEB (post-exposure 

35 bake), and then developed to provide resist patterns of good quality. 

[0150] The substrate used herein may be any of substrates generally used in semiconductor devices and other man- 
ufacturing apparatus, with examples Including a silicon substrate, a glass substrate and non-magnetic ceramic sub- 
strate. On such a substrate, an additional layer, e.g.. a silicon oxide layer, a wiring metal layer, a layer insulation film, a 
magnetic layer or a reflection infubitive film layer, may be present if desired; and also various wiring and circuits may 

40 be built into such a substrata Further, those substrates may undergo hydrophobicHy-conferring treatment according to 
a conventional method for the purpose of enhancing their adhesiveness to resist film. As an example of a suitable agent 
for conferring rtydrophobicity onto those substrates, 1,1,1 .3,3.3-hexamethyldisilazane (HMDS) can be given. 
[0151] The suitable thickness of a resist film coated on a substrate is in a range of about 0.1 to about 10 ^m, and the 
thickness from about O-tjun to about 1 .5 Jim is recommended in the case of ArF exposure. n ^ 

as [0152] It is desirable for the resist film coated on a substrate to undergo pre-bake tor about 30-300 seconds at about 
60-1 60°C. The lower the pre-bake temperature and the shorter the pre-bake time, the greater the increase in quantity 
of solvent remaining in the resist film; as a result, bad influences, e.g., deterioration in the adhesiveness, are more liable 
to be caused. In the opposite case where the pre-bake temperature is higher and the pre-bake time is shorter than the 
foregoing limits, troubles, such as the decomposition of components in each photosensitive resin composition, such as 

so a binder and a photo-acid generator, tend to be caused. 

[01 53] For radiation exposure of resist films after pre-bake, commercially available ultraviolet exposure apparatus, X- 
ray exposure apparatus, electron-beam exposure apparatus, KrF excimer exposure apparatus, ? Ar^| Bocc jmer expos ures 
apparatus, F 2 excimer exposure apparatus and soon can be employed. In particular, the exposure apparatus using ArF 
excimer laser as light source is advantageous to the present invention. 

55 [0154] The post-exposure bake is carried out for the purpose of causing the elimination of protective groups by the 
use of acids as catalyst the disappearance of standing wave, the diffusion of acid generators in resist film, and so on. 
This post-exposure bake can be effected similarly to the pre-exposure bake. For instance, the baking temperature is in 
the range of about 60 to 160°C, preferably about 90 to 150*0. 
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[0155] Examples of a developer which can be used for the present photosensitive resin compositions include aqueous 
solutions of various alkalis, such as inorganic alkalis (e.g., sodium hydroxide, potassium hydroxide, sodium carbonate, 
sodium silicate, aqueous ammonia), primary amines (ag., ethylamine, rvpropyl amine), secondary amines (ag., diethyl- 
amine, di-n-butylamine), tertiary amines (e.g., tri ethylamine, rnetriyWiethylarnine), alcoholamines (ag., dimethyleth- 
andamine, triethanotarnine), quaternary ammonium salts (ag., tetramethylammonium hydroxide (TMAH), 
tetraethylammonium hydroxide (TEAH), trirnethylrtydroxymetriylamnx^ hydroxide, triethylhydioxymethylammonium 
hydroxide, trimethylhydroxy-ethylammonium hydroxide), and cyclic amines (e.g., pyrrole, pipericGne, 1,8-diazabicydo- 
[5.4.0]-7-undecene, 1,5^iazabicyclo-t4.3.0]-5-nonane). 

[01 56] To the foregoing aqueous alkaline solutions, hydrophilic organic solvents, such as alcohols and ketones, non- 
ionic surfactants, anionic surfactants, cationic surfactants, anti-fbaming agents and so on may further be added in their 
respective proper amounts. Those additives are added for not only betterment of resist characteristics but also other 
purposes of, ag., elevating the adhesiveness to a substrate, reducing the amount of a developer used and lessening 
the defects arising from air bubbles at the time of development. 

[01 57] Now, the present invention will be illustrated in greater detail by reference to the following examples, which are 
not to be considered as limiting on or determinative of the scope of this invention. 

Synthesis Exa mple 1 (Synthesis of Polymer A) 

[0158] The hydride of ring-opening polymerization product of the riorbomene derivative disclosed in Exan^ 
A-9-244247 (having the constitutional repeating unit illustrated below) was synthesized in accordance with the method 
disclosed in European Patent No. 0,709,278 (weight-average molecular weight: 22.000). 



Synthesi s Example 2. (Synthesis of Polymer P) 

[0159] The hydride of ring-opening polynierizartkxi product of the riorbomenederw 

A-9-244247 (having the constitutional repeating unit illustrated below) was synthesized in accordance with the method 
disclosed in European Patent No. 0,789,270 (weight-average molecular weight: 1 7.000). 



Synthesis Example 3 (Synthesis of Polymer C) 

[0160] The copolymer of norbomene, maleic anhydride, t-butytaoryiate and acrylic acid (having the following consti- 
tutional repeating units) was synthesized in accordance with the method disclosed in Example 7 of JP-A-10-10739 
(weight-average molecular weight: 17,000; ratio between the repeating units: 50/25725 by mole). 





COO(CH 3 ) 3 
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Synthesis Example 4 (Synthesis of Polymer D) 

is [0161] TTie copolymer of adamantyl methacrylate and t-butylacrylate (having the following constitutional repeating 
units) was synthesized in accordance with the method disclosed in Example 1 of JP-A-7-23451 1 (weight-average 
molecular weight: 5,000; ratio between the repeating units: 58/42 by mole). 



20 
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Synthesis Examples 



Synthesis of actd^ecornposable low molecular compound (Compound a): 

35 

[0162] The mature of 122.7 g (0.3 mole) of cholic acid and 120 ml of tNortyl chloride was reMuxed for 1 hour. After 
removal of excess thionyl chloride, the solid obtained was dissolved in 150 ml of tetrahydrofuran. Thereto, 40 g (0.35 
mole) of potassium-t-butDxide was added little by IrtUa The resulting mixture was refluxed for 6 hours, and then cooled. 
The reaction mixture thus prepared was poured into water to deposit a solid matter. The solid matter was filtered off, 
40 washed with water, and then dried under reduced pressure. Thus obtained crude product was recrystallized from n-hex- 
ane to give t-butyl cholate (having the following structural formula) in a 70 % yield. 




H 
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Synthesis Example 6 (Synthesis of Polymer B 



[0163] Polymer E was synthesized according to Synthesis Example 1 of JP-A-6-308734. More specifically, 30 g of 
poty(hydroxystyrene) was dissolved in tetrahydrofuran, and admixed with 10 g of potassium t-butoxide. Thereto, 60 g of 
5 di-t-butyl dlcarbonate was further added dropwise at 0°C with stirring, and therein the reaction was run for 4 hours. At 
the conclusion of the reaction, the reaction solution was dripped into water, thereby precipitating a resinous matter. The 
resinous matter was put in a vacuum desiccator and dried at 50°C for one night The resin obtained (Polymer E) had 
Mw of 15,000. As for the structure thereof, it was confirmed by the NMR measurement that 29 % of the hydrogen atoms 
of the phenolic hydroxy groups were replaced by t-butoxycarbonyl groups. 

10 

EXAMPLES 1a TP 6a AND COMPARATIVE EXAMPLES 1a TO 5a 



Preparation of Photosensitiv e Resin Compositions 



is [0164] The ingredients set forth in Table 1, namely the Polymer A. B. C or D synthesized in Synthesis Example 1 . 2. 
3 or 4 respectively, taphenytsuKbrtium tnflate (PAG-1) as a photo-acid generator, the compound synthesized in Synthe- 
sis Example 5 (Compound a) as an acid-decomposable low molecular compound, a nitrog en-containing basic com- 
pound, a surfactant, and propylene glycol monomethyl ether acetate as a solvent, were mixed together. The dotted Bne 
mark in Table 1 means that the corresponding ingredient was not used. 

20 [01 65] After mixing the foregoing ingredients together, the mixture obtained was subjected to filtration with a 0.1 jim 
Teflon fitter, thereby preparing each photosensitive resin composition. 
[01 66] The following are the amounts of ingredients used: 



25 



30 



35 



45 



50 



55 



Polymer A, B, C or D 


10 g 


Photo-acid generator 


0.06 g 


Acid-decornposable tow molecular compound 


0.25 g 


Nitrogen-containing basic compound 


0.04 g 


Surfactant 


0.05 g 


Solvent 


57.4 g 



[0167] The thus prepared photosensitive resin rompositions were each examined tor number of development defects 
and resist image quality in accordance with the following evaluation methods respectively. The evaluation results of the 
development defects are shown in Table 2, and those of image quality are shown in Table 3. 



40 Evaluation of Development Defects 
(1) Development Defects I: 



[01 68] Each photosensitive resin composition was coated uniformly on a hexamethyldisitazane-treated silicon sub- 
strate by means of a spin coaler, and dried by 90-second heating on a 120°C hot plate to be formed into a 0.50 |im- 
thick resist tarn. This resist film was exposed to ArF exdmer laser beams via a mask. Immediately after the exposure, 
the resistfilm was heated for 90 seconos on a 110°Cr»t plata Then, rtwasdevekx^ witha2.38%by weig^aiqueous .^ DOO 

solution of tetramelriylarrtrnonium hydroxide for 60 seconds at 23°C, rinsed with pure water for 30 seconds, and then 

dried. Thus, contact hole patterns were formed on each resist film, and the number of development defects generated 
therein was counted (under the condition of threshold 12 and pixcel size of 0.39) with a KAL 2112 machine (produced 
by KAL TenkoN Inc.). 



(2) Development Defects II: 

[0169] The rturnber of devetopment defects was examined by the same method as adopted tor the examination of the 
foregoing development defects I, except that each resist film underwent no exposure. 
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Evaluation of Image Quality 

[0170] Each photosensitive resin composition was formed into a 0.50 jim-thick resist film, and further subjected 
sequentially to exposure, heating, development rinsing and drying steps under the same conditions as in the case of 
evaluating the development defects I mentioned above. Each of the thus processed resist films was examined tor thick- 
ness by means of a film thickness gauge, and thereby the residual film rate [{film thickness after processing/film thick- 
ness before processing^ 100] was determined. 

[01 71 ] Further, the pattern profile was examined by observing the 0.25 \im line patterns formed on each resist film 
under a scanning electron rracroscope. In Table 3. the letter A is used for symbolizing a rectangular profie, and the letter 
B for symbolizing another prof ila 

Table 1 



Formulation of Positive Photosensitive Resin Composition 





Polymer 


Photo-acid Gener- 
ator 


Ackl- Decompos- 
able Low Molecu- 
lar Compound 


Nitrogen-Con- 
taining Basic 
Compound 


Surfactant 


Solvent 


Example 1a 


A 


PAG-1 




N-1 


W-1 


S-1 


Example 2a 


B 


PAG-1 




N-2 


W-1 


S-1 


Example 3a 


C 


PAG-1 




N-3 


W-1 


S-1 


Example 4a 


D 


PAG-1 




N-4 


W-2 


S-1 


Example 5a 


B 


PAG-1 


Compound a 


N-1 


W-2 


S-1 


Example 6a 


C 


PAG-1 


Compound a 


N-2 


W-3 


S-1 


Compar. Ex. 1a 


A 


PAG-1 








S-1 


Compar. Ex. 2a 


B 


PAG-1 






W-1 


S-1 


Compar. Ex. 3a 


C 


PAG-1 




N-3 




S-1 


Compar. Ex. 4a 


D 


PAG-1 




N-4 


W4 


S-1 


Compar. Ex. 5a 


B 


PAG-1 


Compounda 






S-1 



[01 72] The symbols in Table 1 stand for the following compounds respectively; 

PAG-1 : triphenylsulfonium triflate 

N-1: Hexamethytenetetramine 

N-2: 1,5-Diazabicyclo[4.3.0]-5-nonene 

N-3: 1,8-Diazabicydc{5.4.oj-7-undecene 

N-4: 1.4-Diazabicyclo[2.2.2]octane 

W-1 : Megafac F1 76 (produced by Dai-Nippon Ink & Chemicals Inc.) (fluorine-containing surfactant) 

W-2: Megafac R08 (produced by Dai-Nippon Ink & Chemicals Inc.) (fluorine and silicon-containing surfactant) 

W-3: Polystloxane polymer KP-341 (produced by Shin-etsu Chemical Industry Co., Ltd.) 

W-4: Polyoxyethylene nonyl phenyl ether 

S-1 : Propylene glycol monomethyl ether acetate 



Table 2 



Number of Development Defects 




Development Defects I 


Development Defects II 


Example 1a 


4 


11 


Example 2a 


2 


5 


Example 3a 


5 


15 



24 
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Table 2 (continued) 



Number of Development Defects 




Development Defects I 


Development Defects II 


Example 4a 


4 


7 


Example 5a 


0 


2 


Example 6a 


0 


1 


Comparative Example 1a 


62 


340 


Comparative Example 2a 


36 


130 


Comparative Example 3a 


42 


165 


Comparative Example 4a 


3 


8 


Comparative Example 5a 


23 


35 



Table 3 



Image Quality of Resist 




Residual Rim Rate (%) 


Profile 


Example 1a 


99.9 


A 


Example 2a 


99.7 


A 


Example 3a 


99.4 


A 


Example 4a 


99.2 


A 


Example 5a 


100.0 


A 


Example 6a 


100.0 


A 


Comparative Example 1a 


99.2 


A 


Comparative Example 2a 


99.0 


A 


Comparative Example 3a 


99.0 


A 


Comparative Example 4a 


94.2 


B 


Comparative Example 5a 


99.2 


A 



[0173] As can be seen from the results shown in Tables 2 and 3. aJI the photosensitive resin compositions according 
to the present invention produced very few development defects and formed patterns having a rectangular prof a a 
[0174] On the other hand, a lot of development defects were developed in the cases of Comparative Examples 1 and 
5 using neither nitrogen-containing basic compound (C) nor surfactant (D), Comparative Example 2 using a surfactant 
(D) but no nitrogen-containing basic compound (C) and Comparative Example 3 using a nitrogen-containing basic com- 
pound (C) but no surfactant (D). In the case of Comparative Example 4 using a surfactant other than the surfactants 
specified by the present invention, the development defects were relatively few but the resist profile was not good. 

EXAMPLES 7a TO 14a AND COMPARATIVE EXA MPLES 6a TO 7a 

Preparation of Prmtosensitive Resin Compositions 

[0175] The ingredients set forth in Table 4, namely the Polymer B. C or D synthesized in Synthesis Example 2, 3 or 4 
respectively, (PAG-1) recited above or triphenyfsulfonium perfluorcfcuta/iesutfonate (PAG-2) as a photo-acid generator, 
the compound synthesized in Synthesis Example 5 as an acid^ecomposable low molecular compound and a combi- 
nation of nitrogen-containing basic compound, surfactant and solvent set forth in Table 4, were mixed in their respective 
proportions set forth in Table 4. The dotted line mark in Table 4 means that the corresponding ingredient was not used. 
[01 76] After the foregoing ingredients were mixed together, the mixture obtained was subjected to filtration with a 0. 1 
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Jim Teflon fitter, thereby preparing each photosensitive resin composition. In Table 5, the ratio of Component (B) to 
Component (C) ((B)/(C) ratio) and the ratio of Component (A) to Component (D) ((A)/(D) ratio) in each photosensitive 
resin composition are set forth. 
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[0177] The symbols PAG-1 , N-2, N-3, H-4, W-1 , W-2, W3, W-4 and S-1 stand for the same compounds set forth in 
Table 1 respectively, and the other symbols stand for the following compounds respectively; 



PAG-2: 


Triphenylsulfonium perfluorobutanesultonate 


S-2: 


Propylene glycol monomelhyl ether 


S-3: 


Ethyl lactate 


S-4: 


Ethyl 3-emoxypropionate 


S-5: 


Propylene glycol monopropyl ether propionate 


S-6: 


2-Heptanone 



10 



Table 5 



Component Ratios in Photosensitive Resin Composition 




(B) /(C) ratio 


(A) /(D) ratio 


Example 7a 


60.0 


14690 


Example 8a 


18.8 


13340 


Example 9a 


18.8 


1649 


Example 10a 


150.0 


692 


Example 11a 


150.0 


14550 


Comparative Example 6a 


1.5 




Comparative Example 7a 


18.8 


989 


Example 12a 


1.5 


200 


Example 13a 


18.8 


177 


Example 14a 


375.0 


14250 



[0178] The thus prepared photosensitive resin impositions were each examined for number of development defects 
and resist image quality in accordance with the following evaluation methods respectively. The evaluation results of the 
development defects are shown in Table 6, and those of image quality are shown in Table 7. 

Evaluation of Devetooment Defects 

[0179] The evaluation of development defects was carried out by the same method as mentioned in Examples 1a-6a. 



40 Evaluation of Image Quality 

[0180] On a hexaniethyUisilazane-treated silicon substrate, DUV-42 (produced by Brewer Science Inc.) was coated 
uniformly in a thickness of 600A with a spin coater, dried for 90 seconds on a 100°C hot plate, and further heated for 
240 seconds at 190°C, thereby forming a reflection inhfoitive film. On this reflection inhibrtive film, each ptaftosensftive 
45 resin composition was coated with a spin coater and dried for 90 seconds at 1 30°C to be formed into a 0.50 fim-thick 
resist film Further, this resist film was exposed to ArF excimer laser beams via a mask. tmmecBately after the exposure, 
the resist ftm was heated tor 90 seconds on a 130°C hot plate. Then, it was developed with an aqueous solution of 
tetranriethylajrimonium hydroxide for 60 seconds at 23°C, rinsed with pure water for 30 seconds, and then dried. Thus, 
line patterns were formed on each resist film. Thereafter, each of the thus processed resist films was examined for truck- 
so ness by means of a film thickness gauge, and the residual film rate was determined by substituting this thickness value 
in the equation mentioned hereinbefore. 

[0181] Further, the pattern profile was examined by observing the 0.25 jim line patterns formed on each resist film 
under a scanning electron rntcroscope. In Table 7, the letter A is used for symbolizing a rectangular profile, the letter C 
for symbolizing a tapered profile, and the letter B for a profile with a T shape. 
55 [0182] The sensitivity was expressed in terms of the exposure amount required tor reproducing the 0.25 urn mask 
patterns. 

[0183] The resolution was represented by the threshold resolution achieved under the exposure amount enabling the 
reproduction of the 0.25 um mask patterns. 
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[0184] With respect to the developability, the letter A is used for symbolizing the case where no development residues 
was observed, and the letter B for symbolizing the case where development residues were more or less observed. 



Table 6 



Number of Development Defects 




Development Defects I 


Development Defects II 


Example 7a 


0 


1 


Example 8a 


0 


0 


Example 9a 


0 


1 


Example 10a 


0 


0 


Example 11a 


1 


0 


Comparative Example 6a 


42 


165 


Comparative Example 7a 


4 


9 


Example 12a 


5 


7 


Example 13a 


1 


2 


Example 14a 


6 


7 
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Table 7 



Image Quality of Resist 




Residual Film Rate (%) 


Sensitivity (rrvJ/cm 2 ) 


Resolution Qim) 


Profile 


Deveiopabflity 


Example 7a 


99.9 


21 


0.14 


A 


A 


Example 8a 


100.0 


20 


0.14 


A 


A 


Example 9a 


99.9 


28 


0.16 


A 


A 


Example 10a 


100.0 


17 


0.14 


A 


A 


Example 11a 


99.9 


15 


0.15 


A 


A 


Compar.Ex. 6a 


99.0 


64 


0.17 


A 


A 


Compar.Ex. 7a 


94.3 


36 


0.18 


C 


A 


Example 12a 


99.4 


59 


0.17 


A 


B 


Example 13a 


100.0 


20 


0.18 


A 


B 


Example 14a 


98.2 


16 


0.20 


B 


A 



[0185] As can be seen from the results shown in Tables 6 and 7. the present compositions wherein the particular com- 
ponents were used within the special proportion ranges provided resist films causing very few development defects. 
so forming patterns with a rectangular profile and having excellent sensitivity, resolution and developability. 

[0186] In accordance with embodiments of the present invention, the positive photosensitive resin compositions 
cause very few development defects, showed satisfactorily Ngh sensitivity, resolution and developability and ensure 
excellent pattern profiles when ArF excimer laser beams are used as exposure light source. Therefore, they are effec- 
tive in forming fine patterns meeting the requirements for the production of semiconductor elements. 
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EXAMPLES 1b TP 7b AND COMPARATIVE EXAMPLES 1b TO 7b 



Preparation of Photosensitive Resin Compositions 

[0187] The ingredients set forth in Table 8. namely the Polymer A, B, C. D or E synthesized in Synthesis Example 1. 
2, 3. 4 or 6 respectively, triphenylsuHbraum triflate (PAG-1) as a photo-acid generator, the compound synthesized in 
Synthesis Example 5 (Compound a) as an acid-decomposable low molecular compound and a combination of nitrogen- 
containing basic compound, surfactant and solvents set forth in Table 8. were mixed together. The dotted line mark in 
Table 8 means that the corresponding ingredient was not used. 

[0188] After mixing the foregoing ingredients together, the mixture obtained was subjected to filtration with a 0.1 |im 
Teflon filter, thereby preparing each photosensitive resin composition. 
[0189] The following are the amounts of ingredients used: 



Polymer A, B, C, Dor E 


10 g 


Photo-acid generator 


0.06 g 


Arid-decomposable low molecular compound 


0.25 g 


Nitrogen-containing basic compound 


0.04 g 


Surfactant 


0.05 g 


Solvents 


57.4 g 



[0190] The thus prepared photosensitive resin compositions were each examined for numbers of development 
defects I and II in accordance with the foregoing evaluation methods respectively. The evaluation results are shown in 
Table 9. 



Table 8 



Formula of Positive Photosensitive Resin Composition 




Polymer 


Photo-acid 
generator 


Acid-decompos- 
able low molec- 
ular compound 


Nitrogen con- 
taining basic 
compound 


Surfactant 


Solvents (ratio 
by weight) 


Example 1b 


A 


PAG-1 




N-1 


W-1 


S-2/S-3 (70/30) 


Example 2b 


B 


PAG-1 




N-2 


W-1 


S-2/S-3 (80/20) 


Example 3b 


C 


PAG-1 




N-3 


W-2 


S-2/S-3/S-4 
(7920/5) 


Example 4b 


D 


PAG-1 


Compound a 


N-4 


W-3 


S-2/S-3/S-5 
(7920/5) 


Example 5b 


A 


PAG-1 


Compound a 


N-3 


W-2 


S-2/S-3/S-6 
(82/15/3) 


Example 6b 


B 


PAG-1 




N-3 


W3 


S-1/S-3/S-6 
(6935/5) 


Example 7b 


C 


PAG-1 


Compound a 


N-1 


W-1 


S-2/S-3/S-6 
(60/30/10) 


Compar. Ex. 1b 


A 


PAG-1 








S-2/S-3 (70/30) 


Compar. Ex. 2b 


B 


PAG-1 






W-1 


S-1/S-3 (80/20) 


Compar. Ex. 3b 


A 


PAG-1 




N-1 




S-2/S-3 (70/30) 


Compar. Ex. 4b 


A 


PAG-1 




N-1 


W3 


S-2 
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Table 8 (continued) 



Formula of Positive Photosensitive Resin Composition 




Polymer 


Photo-acid 
generator 


Acid-decompos- 
able low molec- 
ular compound 


Nitrogen con- 
taining basic 
compound 


Surfactant 


Solvents (ratio 
by weight) 


Compar. Ex. 5b 


C 


PAG-1 




N^3 


W4 


S-2/S-3 (70/30) 


Compar. Ex. 6b 


E 


PAG-1 








S-2/S-3 (50/50) 


Compar. Ex. 7 


E 


PAG-1 






W-1 


S-2 



[0191] The symbols used in Table 8 stand for the following compounds respectively; 

S-2: Ethyl lactate 

S-3: butyl acetate 

S-4: Y-Butyrolactone 

S-5: Propylene carbonate 

S-6: Ethylene caibonate 

[0192] The other symbols stand for the same compounds as defined in the preceding Examples, respectively. 



Table 9 



Number of Development Defects 




Development Defects I 


Development Defects II 


Example 1b 


3 


3 


Example 2b 


3 


4 


Example 3b 


1 


2 


Example 4b 


0 


0 


Example 5b 


0 


0 


Example 6b 


1 


0 


Example 7b 


0 


0 


Compar. Ex. 1b 


68 


362 


Compar. Ex. 2b 


43 


165 


Compar. Ex. 3b 


35 


76 


Compar. Ex. 4b 


11 


7 


Compar. Ex. 5b 


7 


17 


Compar. Ex. 6b 


24 


38 


Compar. Ex. 7b 


17 


14 



[0193] As can be seen from the results shown in Table 9, the number of each type of development defects was very 
small in every case of the present photosensitive resin compositions. In particular, the results were entirely satisfactory 
in the cases of the compositions using the third solvent (c) (Examples 3b-7b). 

[0194] In the cases of comparative photosensitive resin compositions, on the other hand, the development defects 
were considerably large in number. In particular, the number of development defects roughly doubled in the case of 
Comparative Example 4b using ethyl lactate atone as the solvent compared with the present cases of using mixed sol- 
vent systems. In the case of Comparative Example 5b using a surfactant other than those specified by the present 
invention, the number of development defects was more than twice those in the present cases of using the same mixed 
solvent system. 
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EXAMPLES 1c TO 7c AND COMPARATIVE EXAMPLES 1c TO 7c 
Preparation of Photosensitive Resin Compositions 

[01 95] The ingredients set forth in Table 10. namely the Polymer A, B, C. D or E synthesized in Synthesis Example 1 . 
2, 3, 4 or 6 respectively; triphenylsulfortium triflate (PAG-1) as a photo-acid generator, the compound synthesized in 
Synthesis Example 5 (Compound a) as an acid-decomposable low molecular compound and a combination of nitrogen- 
containing basic compound, surfactant and solvents set forth in Table 10, were mixed together. The dotted line mark in 
Table 10 means that the correspond ng ingredient was not used. 

[01 96] After mixing the foregoing ingredients together, the mixture obtained was subjected to filtration wrthaO.1 jim 
Teflon filter, thereby preparing each photosensitive resin composition. 
[01 97] The following are the amounts of ingredients used: 



Polymer A, B, C, D or E 


10 g 


Photo-acid generator 


0.06 g 


Acid-decomposable low molecular compound 


0.25 g 


Nitrogen-containing basic compound 


0.04 g 


Surfactant 


0.05 g 


Solvents 


57.4 g 



[0198] The thus prepared photosensitive resin compositions were each examined for numbers of development 
defects I and II in accordance with the foregoing evaluation methods respectively. The evaluation results are shown in 
Table 11. 



Table 10 



(Formulation of Positive Photosensitive Resin Composition) 




Polymer 


Photo-acid 
generator 


Acid-decompos- 
able low molec- 
ular compound 


Nitrogen con- 
taining basic 
compound 


Surfactant 


Solvents (ratio 
by weight) 


Example 1c 


A 


PAG-1 




N-1 


W-1 


S-2/S-7 (70/30) 


Example 2c 


B 


PAG-1 




N-2 


W-1 


S-2/S-7 (80/20) 


Example 3c 


C 


PAG-1 




N-3 


W-2 


S-2/S-7/S-4 
(75/20/5) 


Example 4c 


D 


PAG-1 


Compound a 


N-4 


W-3 


S-2/S-7/S-5 
(75/20/5) 


Example 5c 


A 


PAG-1 


Compound a 


N-3 


W-2 


S-2/S-7/S-6 
(82/15/3) 


Example 6c 


B 


PAG-1 




N-3 


W-3 


S-2/S-7/S-6 
(65/35/5) 


Example 7c 


C 


PAG-1 


Compound a 


N-1 


W-1 


S-2/S-7/S-6 
(60730/10) 


Compar. Ex. 1c 


A 


PAG-1 








S-2/S-7 (70730) 


Compar. Ex. 2c 


B 


PAG-1 






W-1 


S-2/S-7 (80/20) 


Compar. Ex. 3c 


A 


PAG-1 




N-1 




S-2/S-7 (70/30) 


Compar. Ex. 4c 


A 


PAG-1 




N-1 


W-3 


S-2 
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Table 10 (continued) 



(Formulation of Positive Photosensitive Resin Composition) 




Polymer 


Photo-acid 
generator 


Acid-decompos- 
able low molec- 
ular compound 


Nitrogen con- 
taining basic 
compound 


Surfactant 


Solvents (ratio 
by weight) 


Compar. Ex. 5c 


C 


PAG-1 




N-3 


W4 


S-2/S-7 (70/30) 


Compar. Ex. 6c 


E 


PAG-1 








S-2/S-7 (50/50) 


Compar. Ex. 7c 


E 


PAG-1 






W-1 


S-2 



[01991 The symbols used in Table 10 stand tor the following compounds respectively; 



S-2: 


Ethyl lactate 


S^7: 


Ethyl 3-ethoxypropionate 


S-4: 


rButyrolactone 


S-5: 


Propylene carbonate 


S-6: 


Ethylene carbonate 



[0200] The other symbols stand for the same compounds as defined in the preceding Examples, respectively. 



Table 11 



Number of Development Defects 




Development Defects I 


Development Defects II 


Example 1c 


2 


3 


Example 2c 


3 


3 


Example 3c 


1 


1 


Example 4c 


0 


0 


Example 5c 


0 


0 


Example 6c 


1 


0 


Example 7c 


0 


0 


Compar. Ex. 1c 


60 


327 


Compar. Ex. 2c 


33 


145 


Compar. Ex. 3c 


35 


83 


Compar. Ex. 4c 


11 


7 


Compar. Ex. 5c 


5 


10 


Compar. Ex. 6c 


21 


28 


Compar. Ex. 7c 


17 


14 



[0201] As can be seen from the results shown in Table 11, the luimberof each type of development defects was very 
small in every case of the present photosensitive resin compositions. In particular, there were no or very few, if any. 
development defects in the cases of Examples 3c-7c using three kinds of solvents. 

[0202] In the cases of comparative photosensitive resin con^ositions. on the other hand, the development defects 

were markedly large in number. In particular, the number of development defects in the case of Comparative Example 

4c using ethyl lactate atone as the solvent was more than twice that in the case of Example 1c. 

[0203] In the case of Comparative Example 5c using a surfactant other than those specified by the present invention, 

the number of development defects roughly doubled, compared with the case of Example 1c. 

[0204] The positive photosensitive resin compositions according to the present invention have excellent resist char- 
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acteristics, coating suitability, storage stability and safety. In particular, they have an advantage of being free of the 
development-defects problem. Therefore, the present positive photosensitive resin compositions are especially useful 
for the lithography utilizing ArF exdmer laser beams as exposure light source. 

[0205] While the invention has been described in detail and with reference to specific embodiments thereof, it will be 
5 apparent to one skilled in the art that various changes and modifications can be made therein without departing from 
the spirit and scope thereof. 

Claims 

10 1 . A positive photosensitive resin composition comprising: 

(A) a polymer which has aficydic hydrocarbon skeletons and decomposes by the action of an acid to thereby 
become alkali-soluble, 

(B) a compound which generates an acid upon irradiation with actinic rays, 
is (C) a nitrogen-containing basic compound, and 

(D) at least one of a fluorine-containing surfactant and a silicon-containing surfactant. 

2. A positive photosensitive resin composition comprising: 

20 (A) a polymer which has bridged alicydic hydrocarbon skeletons and decomposes by the action of an acid to 

thereby become alkali-soluble, 

(B) a compound which generates an acid upon irradiation with actinic rays, 

(C) a nitrogen-containing basic compound, 

(D) a fluorine and/or silicon-containing surfactant and 
25 (E) a solvent; 

wherein the ratio of (B) to (C) by weight is from 5 to 300 and the ratio of (A) to (D) by weight is from 500 to 20,000. 

3. The positive photosensitive resin composition as descrtoed in daim 1. further comprising a low molecular acid- 
30 decomposable compound which has a molecular weight of 2.000 or below and a group capable of decomposing 

under the action of an acid to increase its solubility in alkali. 

4. The positive photosensitive resin corrposrtion as described in daim 3, wherein the content of the low molecular 
acid-decomposable compound is from 0.5 to 20.0 parts by weight per 100 parts by weight of the total solids of the 

35 composition. 

5. The positive photosensitive resin cornposrtion as descrfced in claim 1, wherein the compound as Component (B) 
is an onium salt. 

40 6. The positive photosensitive resin composition as described in daim 1 , wherein the nitrogen-containing basic com- 
pound as Component (C) is an organic amine. 

7. The positive photosensitive resin composition as described in daim 2, wherein the solvent as Component (E) com- 
prises at least one solvent selected from the group consisting of ethyl lactate, propylene glycol morK>methyl ether 

45 acetate, propylene glycol monomethyl ether, propylene glycol rnonomethyl ether propionate, methyl 3-rnetrwxypro- 
pionate, ethyl 3-ethoxypripionate and 2-heptanone in an amount of at least 70 % by weight based on the total sol- 
vent 

8. The positive photosensitive resin composition as described in daim 1 , wherein the actinic rays are deep ultraviolet 
so rays having wavelengths of 220 nm or shorter. 

9. A positive photosensitive resin cornposrtion comprising : 

(A) a polymer which has alicydic hydrocarbon skeletons and decomposes under the action of an add to 
55 become alkali-soluble. 

(B) a compound which generates an acid upon irradiation with actinic rays, 

(C) a nitrogen-containing basic compound, 

(D) a fluorine and/or silicon-containing surfactant, and 
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(E) a solvent comprising as a first solvent at least one solvent selected from the following group (a) in an 
amount of 60 to 90 % by weight based on the total solvent and as a second solvent a solvent selected from the 
following group (b) in an amount of 10 to 40 % by weight to the total solvent; the group (a) consisting of ethyl 
lactate, propylene glycol monomethyl ether acetate, propylene glycol monomethyl ether propionate, methyl 3- 
s nriethoxypropionate and ethyl 3-etrtoxypfODtonate, and the group (b) consisting of solvents having a viscosity 

of not higher than 1 centjpoise at 20°C. 

1 0. The positive photosensitive resin composition as described in claim 9, wherein the solvent as Component (E) fur- 
ther comprises as a third solvent (c) a solvent having a boiling point of not lower than 180°C and a solubility param- 

10 eter of at least 12 in an amount of 1 to 20 % by weight based on the total solvent 

11. The positive photosensitive resin composition as described in claim 10, wherein the third solvent (c) is at least one 
solvent selected from the group consisting of -Hbutyrolactone, ethylene carbonate and propylene carbonata 

is 12. The positive photosensitive resin composition as described in daim 9, wherein the number of carbon atoms form- 
ing each of the al level ic hydrocarbon skeletons present in the polymer as Component (A) is from 5 to 25. 

13. The positive photosensitive resin composition as described in claim 9, wherein the nitrogen-containing basic com- 
pound as Component (C) is at least one compound selected from the group consisting of organic amines, basic 

20 ammonium salts and basic suKonium salts. 

14. The positive photosensitive resin composition as described in claim 9, further comprising a low molecular acid- 
decomposable dissolution inhrbftive compound which has a molecular weight of 2,000 or below and a group capa- 
ble of decomposing under the action of an acid to increase its sdubiBty in alkali. 

25 

1 5. The positive photosensitive resin composition as described in claim 9, wherein the actinic rays are deep ultraviolet 
rays having wavelengths of 220 nm or shorter. 

16. A positive photosensitive resin composition comprising: 

30 

(A) a polymer has aGcyclic hydrocarbon skeletons and decomposes under the action of an acid to become 
alkali-soluble, 

(B) a compound which generates an acid upon irradiation with actinic rays, 

(C) a nitrogen-containing basic compound, 

35 (D) at least one of a fluorine-containing surfactant and a silicon-containing surfactant, and 

(E) a solvent comprising (a) ethyl lactate in an amount of 60 to 90 % by weight based on the total solvent and 
(b) ethyl 3-ethoxypropionate in an amount of 10 to 40 % by weight based on the total solvent. 

1 7. The positive photosensitive resin composition as described in claim 1 6, wherein the solvent as Component (E) fur- 
40 ther comprises a solvent (c) having a boiling point of not lower than 180°C and a solubility parameter of at least 12 

in an amount of 1 to 20 % by weight based on the total solvent 

18. The positive photosensitive resin composition as described in claim 17, wherein the solvent (c) is at least one sol- 
vent selected from the group consisting of rtatyrolactone, ethylene carbonate and propylene carbonate. 

45 

19. The positive photosensitive resin composition as described in claim 16, wherein the number of carbon atoms form- 
ing each of the alicyclic hydrocarbon skeletons present in the polymer as Component (A) is from 5 to 25. 

20. The positive photosensitive resin composition as described in claim 1 6, wherein the nitrogen-containing basic corn- 
so pound as Component (C) is at least one compound selected from the group consisting of organic amines, basic 

ammonium sails and basic suHonium salts. 

21. The positive photosensitive resin composition as described in claim 16, further comprising a low molecular acid- 
decomposable dissolution inhtortive compound which has a molecular weight of 2,000 or below and a group capa- 

55 We of ofecomposing under the action of an acid to increase its solubiBty in alkali. 

22. The positive photosensitive resin composition as described in claim 1 6, wherein the actinic rays are deep ultraviolet 
rays having wavelengths of 220 nm or shorter. 
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